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Sir, 

1, Pnina Pishman, an Israeli citizen residing at 
19 Asher Barash Street, Herzalia, Israel, hereby declare 
and state that: 

.1, I am the inventor of U.S. Patent Application 
No. 09/700,751 (hereinafter ^ the application") - I am also 
the Chief Scientific Officer of Can-Fite BioPharma, the 
Assignee of the application (hereinafter ^Cstn-Fiten . 

2. A true and correct listing of my 
publications is attached hereto as Annex A. My fields of 
expertise include the field of adenosine receptors and 
more specifically the A3 adenosine receptor (A3AR) and the 
development of agonists to this receptor as drugs for the 
treatment of cancer and inflammatory disea;ses. 
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3. The application describes and claims, among 
others, a method for inhibiting abnormal cell 
proliferation in a subject, comprising administering to 
the subject a therapeutically effective amount of an A3- 
selective adenosine receptor agonist (A3RAg) : A specific, 
but not exclusive embodiment is the use of the A3RAg for 
treating cancer. Disclosed in the application are a 
number of examples in which an A3RAg is used for this 
purpose. However, the effect of A3RAg in inhibiting 
proliferation of abnormal cells is not limited to the 
specific embodiments exemplified in the specification. 

4. Since filing the application, I have carried 
out or supervised additional experiments showing the 
effect of A3RAg in inhibiting proliferation of abnormal 
cells and thus demonstrating the broad applicability of ray 
invention. In one set of experiments, described in a 
published manuscript which I co-authored - Fishman, P. et 
al.. Anticancer Research 23, 2077-2O83, 2003 (Annex B) , 
androgen- independent PC- 3 prostate human carcinoma cells 
were treated with the synthetic A3RAg, lE-MECA, resulting 
in inhibition of prostate carcinoma cell growth. The 
experiments and results reported in Annex B are all true 
and correct. 

5. In another set of experiments, nude Balb/c, 
Female mice, at the age of 10 weeks were injected 
subcutaneously with BxPC3 Human Pancreatic Carcinoma tumor 
(3x10® BXPC3 cells/ in 100/iL PBS) , Tumor size (width [W] 
and length [LJ ) was measured every 4 days and was 
calculated according to the following formula: 

Tumor Size = M*[(W)'*L] 
Treatment was initiated when tumors reached the size of 
150-200 mm'. The mice were randomized into 2 groups. One 



( ( 

Appln. No. 09/700,751 

(control) was treated orally with the vehicle alone while 
the other was treated orally with ib-meca (indicated as 
"CFlOl", which is the code name for this molecule given to 
it by the Assignee) at a twice daily dose of lO^ig/kg. The 
growth curves of the control and CFlOl treated groups are 
accurately shown in Annex C. It is clearly evident that 
pancreatic carcinoma growth was inhibited by IB-MBCA. 

S. I have also read the Kohno eC ai. and the 
Mittelman et al. piiblications cited by the Examiner in 
the Office Action dated July 10, 2003. 

7. Kohno et al. describe the effect of the 
A3RAg IB-MECA and Cl- IB-MECA in inducing apoptosis of 
human promyelocytic leukemia cells. In this article the 
cells were exposed to concentrations of these agonists in 
the micromolar (pM) range: IB-MECA at concentrations of 
10, 30 and 60 jjM and Cl- IB-MECA at concentrations of 10 
and 30 (see, for example, Kohno et al. , bottom of page 
905). These concentrations are several orders of 
magnitude above the IC50 of the A3AR for these specific 
agonists, which is in the nanomolar (nM) range as also 
pointed out by Kohno et al. on page 907, 3 lines from the 

8. Binding studies were carried out for Can- 
Fite by the French company Cerep, of Le Bois L'Eveque. 
BPl, Celle I'Evescault. France, The binding study was 
for a compound designated by Can-Fite as CFlpl, which is a 
clinical grade IB-MECA (prepared under clinical good 
manufacturing practice - cGMP) , Their study report 

(#53 67) is attached (Annex D) . As can be seen, these 
binding experiments yielded the following IC50 and Ki 
values : 
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Receptors 


IB-MECA 


Binding 


IC30 (nM) 


Ki (hM) 


Ai 


> 1,000 




Asa 


685 


560 


AsB 


47, 600 


42,300 


A3 


0.68 


0,47 



This data clearly shows that IB-MECA has a high binding 
affinity to the AsAR.wich an IC50 and Kj below 1 nM. This 
data also shows that IB-MBCA is highly selective in its 
binding to the A3AR over binding to the other adenosine 
receptors at low concentration. Based on this data, it is 
clear that at the concentrations used by Kohno ec al., all 
adenosine receptors, even the Azb adenosine receptor, are 
expected to be activated. Thus at the concentrations used 
by Kohno, IB-MECA does not exert an A3AR mediated specific 
effect and is not A3*selective. 

9, Kohno ec al. attempt to explain the fact 
that the concentration required to elicit apoptosis in the 
KL-60 cells is considerably higher than the IC50 values - 
They argue that it "possibly reflect [a] differences 
between whole cells and znembranes or between species". As 
it can clearly be deduced from the data presented in 
paragraph 8, above, their conclusion is incorrect. 
Moreover, this follows also from Kim et al . that I will 
briefly discuss in paragraph 10 below. 

10. Kim S.G. et ai., Biochem. Pharmacol. 63, 
871-880, 2 002 (Annex E) , which comes out of the same 
scientific laboratory as that of the Kohno et al. 
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publication , further investigated the apoptotic effect of 
high concentrations (> 3 0 ^iM) of Cl-IB-MECA and concluded 
that it was not mediated through the A3 adenosine receptor 
(see, for example page 877, right column, lines 22-23 - 
f'Therefore^ Cl-IB-MECA did not act througii a PLC-conpled 
A3AR"; page 878, lines 2-3 - ''Therefore^ a mGchaniew other 
than activation of adenosine receptors seems to be 
reBpon&ible") . Moreover, a number of publications 
reported that the apoptotic effect of high concentrations 
{in the |liM range) was seen also in normal cells (see Kim 
et al., page 877, left column, first 2 lines of the 
Discussion) . 

11, It follows from Kim et al. that the 
apoptotic effect that was seen by Kohno et al., was not 
mediated through the A3 adenosine receptor, i.e., it does 
not exert its prime effect through the A3 receptor, and 
the conclusion of Kohno et al. in their article is thus 
erroneous. It is also clear that the anti- apoptotic 
effect seen by Kohno ec al. at concentrations of IB- 
MECA and Cl-IB-MECA is not specific for abnormal cells. 
Furthermore, at the concentrations used by Kohno et al., 
one would not have expected IB-MECA or Cl-IB-MBCA to 
selectively activate only the A3AR, but rather also at 
least the Al and the A2a adenosine receptors as well. 

12- I attach herewith two manuscripts in which 
I am the senior author that were recently published: Madi 
L. et al., J- Biol. Chem., 278, 42121-42130, 2003 (Annex 
P) ; and Fishman P. et al., Oncogene, 2003 (published 
electronically in December, 2003, ahead of print (Annex 
Q) . Both of these publications deal with the effect of 
IB-MBCA (identified as "CFlOl" in the Fishman et al . 
manuscript) on proliferating cells both In vivo and in 
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vitro. We have shown in these papers that IB-MECA exerts 
its anti-proliferative effect in vitro at a concentration 
of 10 nM {see, for exan^jle: Madi et al. , legends of Pigs. 
1-8; Fishman et al,, legends of Pigs. 2-4). Through the 
use of the specific A3 adenosine receptor antagonist, we 
demonstrated, both in vitro and in vivo that the effect of 
IB-MECA that we have observed is mediated through the A3AR 
(see Madi et al . Pig. 8 and Pig. 9, in vitro and in vivo 
results, respectively; Pi shman et al.. Figs, 2 and 4, in 
vitro results) , The e^eriments and results in Annexes F 
and G were all conducted by me or under my supervision and 
are all true and correct, 

13. The specificity of the response was also 
shown in the Pishman efc al. publication of Annex B. As 
can be seen in Fig. 1 of this publication , the antagonist 
iyiRS1523, while almost totally neutralizing the anti- 
proliferative effect at a concentration of 0.01 pM (10 
nM) , only partially neutralized it at a dose of 1 and 10 
^M, demonstrating that the effect at high concentrations 
is at most only partially mediated through the A3AR. This 
corroborates the conclusion of Kim et a.1. (Annex E) that 
Che effect seen at high concentrations is not receptor 
mediated. 

14 . In the experiments reported in the Fishman 
et al. publication of Annex B, in paragraph 5 herein, in 
the Madi et al - of Annex F and in the Fishman et al . 
publication of Annex G, ant i -proliferative effects of IB- 
MECA were shown in animals (in vivo) at doses of 10 Mg/Kg 
body weight, upon oral administration. Similar effects 
v/ere also seen at doses of up 100 |ig/Kg, Based on 
pharmacokinetic e>cperimentB that were carried out on 
behalf of Can-Pite, these dosages yield plasma levels of 
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IB-MECA of about 4 and 40 nM, respectively. These are 
concentrations which are above the Ki of the A^AR and very 
much below that of the other adenosine receptors and 
accordingly concentrations in which IB-MECA will 
selectively activate the A3AR only (namely will not 
activate the Ai, Aja and Ajb adenosine receptors) * 

15, Mittelman et al- describe clinical studies 
chat were carried out with N®- (A^-isopentenyl) adenosine 
(IPA) and N^-benzyladenosine in which the ant i -cancer 
effects of these adenosine derivatives was tested in 
cancer patients. These coopounds are not specific A3 
adenosine receptor agonists. 



statements made herein of her own knowledge are true and 
that all statements made on information and belief are 
believed to be true; and further that these statements 
were made with the Jmowledge that willful false statements 
and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false 
statements may jeopardize the validity of the application 
or any patent issuing thereon- 



16. The undersigned declares further that all 




Pnina Fishman 
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Annex A 



Prof. Pnina Fishman, Ph.D. 
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Abstract. Background: Agonists to A3 adenosine receptor 
(A3AR) were shown to inhibit the growth of various tumor ceil 
types. The present study demonstrates that a synthetic A3AR ag- 
onist, l'deoxy-l'[6-[[(3-iodophenyl)methyl]amino]-9H'purine' 
9-ylJ-N-methyl-^-D-nbofura-nuronamide (IB-MECA), inhibits 
the growth of androgen-independent PC-3 prostate human car- 
cinoma cells and illustrates the molecular mechanism involved 
Materials and Methods: PC-3 prostate carcinoma cells were used 
Cell growth was examined in vitro by the thymidine incorpora- 
tion assay and in vivo by inoculating the tumor cells subcuta- 
neously into nude mice and monitoring tumor size. The protein 
expression level in cells and tumor extracts was tested by Western 
blot armlysis. Results: A decrease in the protein expression level of 
A3AR and the downstream effector PKAc was observed Conse- 
quently, the GSK-3fi protein level increased, resulting in the desta- 
bilization ofP-catenin and the subsequent suppression ofcyclin 
Dl and c-myc expression IB-MECA treatment also induced 
down-modulation of the expression ofNF-kB/p65, known to reg- 
ulate the transcription of cyclin Dl and c-Myc. This chain of 
events occurred both in vitro and in vivo arul suggests the use of 
the above-mentioned signaling proteins as markers to predict tu- 
mor cell response to A3AR activation. Conclusion: Taken to- 
gether, we demonstrated thatA3AR activation de-regulates the 
Wnt and the NF-kB signaling pathways resulting in the inhibition 
of prostate carcinoma cell growth 

Activation of the Gi-protein-coupled A3AR has been involved 
in the inhibition of tumor cell growth (1-3). A3AR is highly ex- 
pressed in tumor cells whereas low expression has been noted 
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in a variety of normal cells (4-6). We recently examined the re- 
lationship between receptor fate upon activation and receptor 
functionality in melanoma cells. A3AR activation, with the syn- 
thetic agonist IB-MECA, induced rapid receptor internaliza- 
tion to the cytosol. The receptor was then degraded, subse- 
quently re-synthesized and recycled to the cell surface to serve 
again as a functional receptor. These events generated the 
modulation of key proteins involved in the Wnt and the NF-kB 
signal transduction pathways. A decrease in cAMP production 
and expression of the downstream effector protein kinase A 
(PKA) and protein kinase B (PKB/Akt) was observed (7-9). 
We found that when PKA and PKB/Akt were inhibited, GSK- 
3p level was up-regulated. This led to the phosphorylation and 
ubiquitination of p-catenin and a decrease in the expression 
level of cyclin Dl and c-myc, resulting in melanoma cell growth 
inhibition (3). Moreover, a decline in the expression level of 
NF-kB was also noted consequent to PKB/Akt down regulation 
(9). These results were confirmed in an experimental murine 
model in which IB-MECA inhibited the growth of B16-F10 
melanoma metastatic foci in the lung and the development of 
subcutaneous primary tumor (9). Interestingly, in tumor le- 
sions derived from IB-MECA treated mice, A3AR expression 
and the level of key signaling proteins (GSK-3P, P-catenin, NF- 
kB, cyclin-Dl and c-Myc) were modulated in a pattern corre- 
sponding to that observed in vitro. These studies demonstrat- 
ed that there is a direct correlation between A3AR activation, 
modulation of the signaling proteins and the inhibition of tu- 
mor cell growth. We therefore defined 5 of these proteins 
(PKA, GSK-3P, NF-kB cyclin-Dl and c-Myc) as protein mark- 
ers to predict the response of tumor cells to A3AR activation 
both in vitro and in vivo (9). 

Prostate cancer is a common disease in Western countries 
(10,11) and it is highly resistant to chemotherapy. There is still 
no effective cure for patients with advanced prostate cancer 
especially in cases of hormone-independent tumors (12). The 
molecular mechanisms involved in the initiation, progression 
and development of prostate cancer are largely unknown. Re- 
cently, the Wnt and the NF-kB signaling pathways have also 
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been implicated in the development of prostate carcinoma 
(13,14). It thus led us to study the effect of IB-MECA on the 
growth of the human androgen-independent PC-3 prostatic 
carcinoma cell line and to follow-up the modulation of the 5 
protein markers defined above, both in vitro and in vivo 

Materials and Methods 

Reagents. IB-MECA and MRS 1523 were purchased from RBI/Sig- 
ma (Natick, MA, USA). For both reagents, a stock solution of lOmM 
was prepared in DMSO and further dilutions in RPMI medium were 
performed. RPMI, fetal bovine serum (FBS) and antibiotics for cell 
cultures were obtained from Beit Haemek, Haifa, Israel. Rabbit poly- 
clonal antibodies against murine and human PKAc, c-myc and GSK- 
3p were purchased from Santa Cruz Biotechnology Inc., Ca, USA. 
The human and murine rabbit polyclonal antibodies against murine 
and human cyclin Dl and Rel-65 NF-xB were purchased from Chemi- 
con, Ca, USA. Rabbit f>olyclonal antibodies against murine and hu- 
man A3AR were purchased from Alph Diagnostics, San Antonio, 
USA. 

Tumor ceils and proliferation assay. PC-3 cells derived from a human 
androgen-independent prostate cancer cell line (American Type Cul- 
ture Collection, Manassas, Virginia, USA) were grown in RPMI 1640 
penicillin, streptomycin, 2 mM. L-glutamine and 10% fetal bovine 
serum (FBS). The cells were maintained in T-75 flasks at 37' C in a 5% 
CO2 incubator and transferred to a freshly prepared medium twice 
weekly. For all studies serum -starved cells were used. FBS was omit- 
ted from the cultures for 18 hours and the experiment was carried out 
on monolayers of cells in RPMI medium supplemented with 1% FBS 
in a 37' C, 5% CO2 incubator. 

pH]-thymidine incorporation assay was used to evaluate cell 
growth. PC-3 cells (l.SxiOVml) were incubated with IB-MECA 
(O.OlfiM-lOuM) in 96-well microliter plates for 24 hours. To test 
whether IB-MECA exerted its effect on tumor cells through binding 
to A3AR, an antagonist to A3AR, MRS-1523 (O.l^M), was added to 
the cell cultures in the presence of IB-MECA Cultures of PC-3 cells 
that were incubated in the presence of MRS-1523 only served as con- 
trols. For the last 18 hours of incubation, each well was pulsed with 
luCi pH]-thymidine. The cells were harvested and the pH]-thymi- 
dine uptake was determined in an LKB liquid scintillation counter 
(LKB, Piscataway, NJ, USA). These experiments were repeated at 
least 10 times. 

Western blot analysis. To detect the level of expression of A3AR, PKA, 
GSK-3P, P-catenin, c-myc and cyclin Dl, protein extract from IB-MECA 
treated or untreated serum-starved PC-3 cells were utilized. The cells 
were incubated in the presence and absence of IB-MECA for 15 minutes 
at 37 'C. At the end of the incubation period, the cells were then rinsed 
with ice-cold PBS and transferred to ice-cold lysis buffer (TNN buffer, 
50mM Tris buffer pH=7.5, 150mM NaCi, NP 40 0.5% for 20 minutes). 
Cell debris were removed by centrifugation for 10 minutes, at 7500xg. 
The supernatant was utilized for Western blot analysis. Protein concen- 
trations were determined using the Bio-Rad protein assay dye reagent 
Equal amounts of the sample (50jig) were separated by SDS-PAGE, us- 
ing 12% polyacrylamide gels. The resolved proteins were then elec- 
troblotted onto nitrocellulose membranes (Schleicher & Schuell, Keene, 
NH, USA). The membranes were blocked with 1% bovine serum albu- 
min and incubated with the desired primary antibody (dilution 1:1000) 



for 24 hours at 4*C. The blots were then washed and incubated with a 
secondary antibody for Ihour at room temperature. Bands were record- 
ed using BCIP/NBT color development kit (Promega, Madison, Wl, 
USA). The densitometry of protein expression was normalized against 
p-actin and expressed as % of control (0-time). 

In vivo studies. The mice were maintained on a standardized pelleted 
diet and supplied with tap water. Experiments were performed in ac- 
cordance with the guidelines established by the Institutional Animal 
Care and Use Committee at Can-Fite BioPharma, Petah Tikva, Is- 
rael. 

Nude male Balb/C mice, aged 2 months, weighing an average of 
25g were obtained from Harlan Laboratories, Jerusalem, Israel. PC- 
3 prostate carcinoma cells (2.5x10^) were subcutaneously injected in- 
to the flank of the mice. When the tumor reached 150-200mm^ in size, 
the animals were randomly assigned into different experimental 
groups. Two types of experiments were set up: 

A. a study in which the effect of IB-MECA on tumor growth was eval- 
uated in mice in which the tumor reached a size of 150-200mm3. 
Treatment was given orally once daily for 26 days. This experiment 
included two groups: 

1. Vehicle 

2. IB-MECA (lOjig/kg body weight). 

Tumor size (width (W) and length (L)) was measured twice weekly 
with a caliber and calculated according to the following formula: Tu- 
mor Size = (W)2xL/2. Each group contained 10 mice. 

B. a study in which the effect of IB-MECA on the expression of tumor 
markers was evaluated shortly after one treatment in tumor-bearing 
mice. This experiment included three groups: 

1. Vehicle-control. 

2. IB-MECA (lOjig/kg body weight) given once. Mice were sacrificed 
after 2hours. 

3. IB-MECA (10|ig/kg body weight) given once. Mice were sacrificed 
after 24hours. 

At the end of each experiment the mice were sacrificed and tumors 
were excised, protein extracts were prepared as described above and 
analyzed for the expression profile of A3AR and the marker proteins 
(PKA, NF-kB,GSK-3P, ^-catenin and cyclin Dl). 

Statistical analysis. The results were evaluated using the Student's t- 
test, with statistical significance at p<0.05. Comparison between the 
mean value of different experiments was carried out. 

Results 

JB-MECA inhibits PCS growth in vitro and in vivo. To evalu- 
ate the direct anti-proliferative effect of IB-MECA on the hu- 
man androgen-independent PC-3 prostatic carcinoma cell line 
in vitro, we used the thymidine incorporation assay. IB-MECA 
exerted a dose-dependent inhibitory effect on the prostate car- 
cinoma cells. The inhibition of cell growth was statistically sig- 
nificant at all concentrations tested (p<0.001). The A3AR an- 
tagonist MRS1523 reversed the inhibitory effect of IB-MECA, 
demonstrating that tumor growth suppression was specifical- 
ly mediated through A3AR (Figure la). 

In vivo, the treatment with IB-MECA started when the sub- 
cutaneously transplanted PC-3 tumors had grown to a volume 
of 150-200 mm^. As shown in Figure 2a and b, IB-MECA sup- 
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Figure i.(a) IB-MECA induces a dose-dependent inhibitory effect on the 
proliferation of PC-3 prostate carcinoma cells, PC-3 prostate carcinoma cells 
were depleted from serum for JShours and treated with vehicle (control) or 
with various IB-MECA concentrations (O.OlfiM-lO^M) in the presence of 
J%FBSfor24hours. Cell proliferation was measured by f^HJ-thymidine in- 
corporation assay. A3AR antagonist MRS-1523 (0. IpM) neutralized the in- 
hibUory effect of IB-MECA. The data points are mean±SEM values from 
four independent experiments, (b) Expression level ofA3AR and protein 
markers in PC-3 cells upon exposure to IB-MECA. Immunoblots showing 
the effect of O.OIfiM IB-MECA on f/ic e:q>ression level of A3AR, PKAc, CSK- 
3p. NF-kB, c-Myc and cyclm Dl in PC-3 prostate carcinoma cells. Serum 
starved cells (for 18 hours) were treated for 15 minutes with IB-MECA in the 
presence of 1% FBS. 



pressed growth of PC-3 tumors during the 26 days of treat- 
ment. At the end of the experiment, the mean volume of PC- 
3 tumors treated with IB-MECA was 69±37 mm^ being sig- 
nificantly smaller than that in control group which measured 
340±59 mm , the inhibition of tumor growth corresponding to 
79.7% 0?<0.0001, Figure 2a). 

IB-MECA modulates tumor marker proteins upon A3AR acti- 
vatioru Shortly after A3 AR activation with IB-MECA in vitro, 
the expression level of the receptor protein was down-regu- 



lated. Additional marker proteins, downstream to A3AR ac- 
tivation, were modulated, Le., PKA, NF-kB, c-Myc and cyclin 
Dl expression levels were decreased whereas GSK-3p level 
was up-regulated (Figure lb). 

In tumor lesions excised from mice treated daily for 26 days 
with IB-MECA Western blot analysis revealed down-regula- 
tion of A3AR, PKAc, cyclinDl and c-myc and uf>- regulation of 
GSK-3p expression level (Figure 2c). The level of the house- 
keeping protein p-actin did not change. 

To explore the response of the above mentioned tumor pro- 
teins to one treatment of IB-MECA mice with an already es- 
tablished tumor were treated only once with IB-MECA. Two 
hours after treatment, a marked down-regulation of A3AR, 
PKA, P-catenin, NF-kB, c-Myc and cyclin Dl was noted. In- 
terestingly, 24 hours after IB-MECA administration, A3AR 
protein expression level was fully recovered to the control lev- 
el, whereas the expression level of the other proteins was on- 
ly partially recovered, and was lower than the control group. 

Discussion 

The present study describes the ability of IB-MECA, a syn- 
thetic A3AR agonist, to inhibit the growth of prostate carci- 
noma cells in vitro and in vivo. A3AR belongs to the family of 
the Gi-protein-associated cell surface receptors. Receptor ac- 
tivation leads to internalization and the subsequent inhibition 
of adenylyl cyclase activity, cAMP formation and protein ki- 
nase Ac (PKAc) expression (15, 16). IB-MECA is a potent, 
stable and specific A3AR agonist due to a substitution at the 
N6 and 5' positions of adenosine. This structure protects the 
molecule against rapid metabolization by adenosine deami- 
nase and further enhances its affinity to A3AR (17). A3AR 
expression level was found to be low in most body tissue, 
whereas tumor cells such as melanoma, T cell lymphoma and 
pineal tumor cells, significantly express A3AR (4-6). Recep- 
tor exhibition and spread is not the only factor determining 
cell response to a specific ligand. An additional parameter is 
the exhibition of A2A and A2B adenosine cell surface recep- 
tors, known to elicit opposite effects to that of A3AR. At high 
concentrations, A3AR agonists may also activate A2A and 
A2B adenosine receptors, affecting the balance of the response 
(18, 19). 

In the present study, the dose-dependent growth inhibition 
observed in the PC-3 cells in vitro was obtained at low con- 
centrations and was counteracted by the antagonist MRS1523. 
In vivo, IB-MECA generated the suppressive effect on tumor 
growth also at a low-dose (lOng/kg body weight). It is assumed 
that since IB-MECA possesses high affinity to A3AR (0.4nM), 
it activates this receptor exclusively at low concentrations. 

Shortly upon IB-MECA activation, down-regulation of 
A3AR protein expression level was noted in vitro. This obser- 
vation was confirmed in the in vivo studies in which we treat- 
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Figure 2. (a) Inhibition of prostate carcinoma cell growth in mice and modulation of tumor protein markers in tumor lesions, (a) PC-3 prostate carcinoma 
cells (15x106) ^ere subcutaneously injected into the flank of nude mice. One group was treated with IB-MECA (lO/zg/kg body weight) daily orally, startmg 
when the tumor reached a size of 150-200 mm^ and the other, treated with vehicle only, served as control (b) Representative mice from the control (left) and 
the IB-MECA (right) treated mice, showing tlie difference in tumor size in the two groups, (c) Immunoblots showing the effect of IB-MECA on the level of 
A3AR, PKAc, GSK-3fi, cyclin Dl and c-Myc in protein extracts derived from tumor lesions of prostate carcinoma bearing mice (description of the aqyeriment 
is detailed in a). 
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Figure 3. Modulation of tutnor protein markers in tumor iesions derived from iB-MECA-treated mice. The effect of IB-MECA (one treatment only, for 2 
hours and 24 hours) on the expression of tumor protein markers was evaluated in tumor lesions excised from prostate carcinoma-bearing mice, immunoblots 
showing the effect of IB-MECA on A3AR, PKAc, NF-kB, ^-catenin, cyclin Dl are presented. 



ed tumor-bearing mice with IB-MECA, Receptor down-regu- 
lation is a general mechanism typical of Gi protein receptors. 
This family of receptors responds to ligand activation by re- 
ceptor internalization (to the cytosol), degradation, re-syn- 
thesis and recycling to the cell surface (20). During these 
events, receptor desensitization/re-sensitization takes place 
and different signaling pathways are initiated (21, 22). We may 
suggest that the down-regulation of receptor expression in this 
study represents the rapid response of the prostate cells to ag- 
onist stimulation and the initiation of downstream responses. 

Indeed, the prostate cells responded to A3AR activation by 
a decrease in PKAc level both in vitro and in vivo. PKAc is an 
effector protein involved in the initiation/regulation and cross 
talk between various signaling pathways. It phosphorylates and 
inactivates the enzyme GSK-3P (23), a key element in the Wnt 
signaling pathway (24). GSK-3P suppresses mammalian cell 



proliferation and survival by phosphoiylating the cytoplasmic 
protein P-catenin, leading to its ubiquitination. GSK-3p in its 
inactive form does not phosphorylate p-catenin. The latter ac- 
cumulates in the cytoplasm and subsequently translocates to 
the nucleus where it associates with Lej^cf to induce cyclin- 
Dl and c-myc transcription (25). In the present study we found 
that up-regulation of GSK-3P correlated with down-regulation 
of p-catenin, cyclin Dl and c-Myc. Davies et al. reported that 
there were no mutations within the binding regions between 
p-catenin and GSK-3P in PC-3 prostate carcinoma cells (26). 
Therefore, we concluded that there is an involvement of the 
Wnt pathway in the response of these cells to A3AR activa- 
tion. 

The expression level of NF-kB was down-regulated in both 
in vitro and in vivo studies. NF-kB is also linked to the effector 
protein PKAc. The most abundant form of NF-kB is a het- 
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Figure 4. Schematic representation of signaling pathways that mediate A3AR 
inhibition of melanoma cell growth. 



erodimer of p50 and p65 (Rel A) subunits in which the p65 
contains the transcription activation domain. PKAc regulates 
the transcriptional activity of NF-kB by phosphorylating the 
p65 subunit of NF-kB, enabling its association with the co-ac- 
tivator CBP/p300 and the efficient transcriptional activity (27). 

Previous reports have suggested that PC-3 prostate carci- 
noma cells and the androgen receptor-negative cell line (DU- 
145) have constitutive NF-kB activity (27, 28). Thus, the IB- 
MECA's capability to suppress NF-kB expression may serve 
as part of the mechanism through which it exerts an inhibito- 
ry effect on androgen-independent cells. 

In vivo, the protein markers were significantly modulated 
upon a single or chronic exposure of the tumors to IB-MECA. 
One conclusion that can be drawn from this phenomenon is 
that these protein markers may serve as biomarkers for pre- 
dicting the response of the tumor to IB-MECA in the host. Th- 
ese results provide a rationale to examine the protein markers 
in patients on IB-MECA treatment. 

Collectively, these results suggest that IB-MECA inhibits 
the growth of prostate cancer cells via modulation of key pro- 
teins involved in the Wnt and NF-kB signaling pathway. Th- 



ese results corroborate our findings in other types of neoplasias 
(melanoma and colon carcinoma) and propose the use of 
A3AR agonists for the management of human prostate can- 
cer. 
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Abstract 



A3 adenosine receptor (A3AR) agonists have been reported to influence cell death and survival. The effects of an A3AR agonist, 
l-[2-chloro-6-[[(3-iodophenyl)methyl]an[iino]-9//-purin-9-yIl-l-deoxy-A^-niethyl-3-D-ri (Cl-IB-MECA), on apoptosis in 

two human leukemia cell lines, PIL-60 and MOLT-4, were investigated. Cl-IB-MECA (>30 ^iM) increased the apoptotic fractions, as 
determined using fiuorescence-activated ceil sorting (FACS) analysis, and acuvated caspase 3 and poiy-ADP-ribose-poiymerase. Known 
messengers coupled to A3AR (phospho lipase C and intracellular calcium) did not seem to play a role in the induction of apoptosis. Neither 
dantrolene nor BAPTA-AM affected the Cl-IB-MECA-induced apoptosis. Cl-IB-MECA failed to activate phosphoUpase C in HL-60 cells, 
while UTP activated it through endogenous P2Y2 receptors. Induction of apoptosis during a 48 hr exposure to Cl-IB-MECA was not 
prevented by the A3AR antagonists f5-propyl-2-ethyl-4-propyl-3-(ethylsulfanylcarbonyl)-6-phenylpyridine-5-carboxylate] (MRS 1220) 
or ^-[9-chloro-2-(2-furanyl)[l,2,4]tria2olo[1.5-c]quinazolin-5-yi]benzeneacetamide (MRS 1523). Furthermore, higher concentrations 
of MRS 1220, which would also antagonize Ai and A2A receptors, were ineffective in preventing the apoptosis. Although Cl-IB-MECA 
has been shown in other systems to cause apoptosis through an AsAR-mediated mechanism, in these ceUs it appeared to be an adenosine 
receptor-independent effect, which required prolonged incubation. In both HL-60 and MOLT-4 cells, Cl-IB-MECA induced the expression 
of Fas, a death receptor. This induction of Fas was not dependent upon p53, because p53 is not expressed in an active form in either HL-60 
or MOLT-4 cells. Cl-IB-MECA-induced apoptosis in HL-60 cells was augmented by an agonistic Fas antibody, CH-11 , and this increase 
was suppressed by the antagonistic anti-Fas antibody ZB-4. Therefore, Cl-IB-MECA induced apoptosis via a novel, p53-independent 
up-regulation of Fas. Published by Elsevier Science Inc. 

Keywords: Adenosine receptor, Antagonist; Poly-ADP-ribose polymerase; CD95; APO-1; Phospholipase C; HL-60; MOLT-4 



1. Introduction 

Following the introduction of AaAR-selective ligands 
[1-3], the A3AR has been demonstrated to have diverse 
physiological functions, including its effects on inflamma- 
tion [4], hypotension [5], mast cell degradation [6], protec- 
tion of brain and heart [7-9], and apoptosis [10-15]. 
Specifically, potent A3AJR agonists showed dual effects 
leading to either cellular protection or death. In rat astro- 
glial and human astrocytoma cells, micromolar concentra- 
tions of A3AR agonists reduced the cell number, while 

'Corresponding author. Tel.: +1-301-496-9024; fax: +1-301-480-8422. 
E-mail address: kajacobs@helix.nih.gov (K.A. Jacobson), 
Abbreviations: A3AR. A3 adenosine receptor; FACS. fluorescence- 
activated cell sorting; PLC, phosphoUpase C; PARP, poly-ADP-ribose- 
polyraerase. 

0006-2952/02/$ - see front matter Published by Elsevier Science Inc. 
PII: 50006-2952(02)00839-0 



nanomolar concentrations promoted cytoskeletal changes 
that were associated with cytoprotection [13,16]. In chick 
ventricular myocyte culture [14] and in the isolated rabbit 
heart [17], the activation of the A3AR showed a precondi- 
tioning-like effect that improved the outcome following an 
ischemic injury. Similar effects were observed in vivo in a 
gerbil model of global ischemia [8] . In promyelocytic human 
leukemia HL-60 cells [11], the A3AR agonists IB-MECA 
(l-[6-[[(3-iodophenyl)-methyl]amino]-9//-purin-9-yl]-l- 
deoxy-A'-methyl-P-D-ribofuranuronamide) and Cl-IB- 
MECA induced apoptosis at high concentrations. At lower 
concentrations, they protected the cells from apoptosis 
induced by A3AR antagonists. In CHO cells transfected 
with the human A3AR, effects on the cell cycle were 
induced with high concentrations of Cl-IB-MECA in those 
cells expressing the AsAR, but not in control cells [18]. 
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This Study sought to probe the mechanism of the apop- 
totic ceil death induced by Cl-IB-MECA in the HL-60 and 
MOLT-4 leukemic cell lines. 



2. Materials and methods 

2.7. Materials 

HL-60 and MOLT-4 cells were obtained from the ATCC. 
RPMI 1640 medium, fetal bovine serum, penicillin, strep- 
tomycin, and glutamine were purchased from Gibco BRL. 
Cl-IB-MECA and MRS 1220 (/V-[9-chloro-2-(2-furanyl)- 
[ 1 ,2,4]tnazolo[ 1 ,5-c]quinazolin-5-yl]ben2eneacetamide) 
were obtained from RBI-Sigma. MRS 1523 [5-propyl-2- 
ethyi-4-propyI-3-(ethylsulfanylcarbonyl)-6-phenylpyri- 
dine-5-carboxylate] was synthesized as described pre- 
viously [19]. A TACS™ 2 TdT-DAB in situ apoptosis 
detection kit was obtained fromTrevigen. Dowex AG 1-X8 
resin was purchased from Bio-Rad. Anti-Fas (C20). anti- 
BcI-2 (100), anti-Bax (B-9), and anti-TRAIL (C-19) were 
purchased from Santa Cruz Biotechnology. Anti-Fas anti- 
bodies (CH-11 and ZB-4) were purchased from Upstate 
Biotechnology. Anti-Cpp32 and anti-PARP (C2-10) were 
purchased from Pharmingen. All other reagents were pur- 
chased from Sigma. 

2.2. Cell culture and preparation 

HL-60 or MOLT-4 cells were grown at 37° in a humi- 
dified incubator with 5% C02/95% aii in RPMI 1640 
medium supplemented with 10% fetal bovine serum, 
100 units/mL of penicillin, 100 mg/mL of streptomycin, 
and 2 mM L-glutamine. The culture was maintained by 
splitting every third day. For each experiment, the cells 
undergoing log phase growth were collected and resus- 
pended in growth medium to 0.5 x 10^ cells/mL, and 3 mL 
aliquots were placed into the individual wells of several 
6- well culture plates. Test compounds dissolved in DMSO 
at the appropriate concentration (or only DMSO as control) 
were added to each well. The final concentration of DMSO 
in each sample did not exceed 0.2%. 

2.3. Cell viability analysis 

Cell viability was measured using the Trypan blue 
exclusion test. Trypan blue was mixed with the cell sus- 
pension (final concentration of dye was 0.2%), and the 
numbers of unstained (live) and stained (dead) cells were 
counted between 5 and 7 min after the dye was added. 

2.4. Apoptosis analysis by flow cytometry 

After treating HL-60 or MOLT-4 cells with various 
reagents, the cells were washed twice with cold PBS by 
centrifugation (500 g for 5 min at room temperature), 



washed again with cold citrate buffer (250 mM sucrose, 
5% DMSO, 40 mM trisodium citrate, pH 7.5), and fixed 
with 2% paraformaldehyde at 4°. The cells were washed, 
resuspended in 100 ^iL of cold citrate buffer, and treated 
with 900 loL of trypsin solution (500 units/mL of trypsin, 
3.4 mM trisodium citrate, 0.1% Tergitol (type NP-40, 
Sigma), 1.5 mM spermine, 0.5 mM Tris (pH 7.5)) for 
10 min at room temperature. Then 750 \iL of RNase solu- 
tion (500 p.g/mL of trypsin inhibitor, 100 \xg/mL of RNase 
A, 3.4 mM trisodium citrate, 0.1% NP-40, 1.5 mM sper- 
mine, 0.5 mM Tris (pH 7.5)) was added. After a 10 min 
incubation at room temperature, cells were stained by the 
addition of 750 |iL of propidium iodide solution (0.6 mM 
propidium iodide, 3 mM spermine, 3.4 mM trisodium 
citrate. 0. 1% NP-40, 0.5 mM Tris (pH 7.5)). The apoptotic 
fraction was quantified for 10"* cells by analyzing the sub- 
Gi (sub-diploid) population by measuring the fluorescence 
activity of propidium iodide-stained DNA of fixed cells on 
a FacsCalibur (Becton Dickinson). 

2.5. I mmunob lotting analysis 

Proteins from the treated HL-60 or MOLT-4 cells were 
extracted using a lysis buffer (0.5% NP-40, 120 mM NaCl, 
40 mM Tris (pH 8.0)). After SDS-Pi^GE, the protein bands 
were transferred to nitrocellulose paper, and were blocked 
with 5% powdered non-fat milk. They were incubated 
overnight with the primary antibodies and for 1 hr with 
the horseradish peroxidase linked secondary antibodies. 
Immunoblots were developed with enhanced chemilumi- 
nescence (ECL) reagents (Pierce). 

2.6. Phospholipase C assay 

The amount of inositol phosphates was measured by a 
modification of the method of Back et al [20]. After 
labeling with myo-[3H]-inositol (I ^Ci/lO^ cells) for 
24 hr at 37°, LiCl was added (final concentration was 
20 mM). Then the cells were resuspended to a density 
of 2 X lO'' cells/mL in RPMI 1640 medium containing 
0.5% fetal bovine serum, 20 mM HEPES (pH 7.2), 
20 mM LiCl, and 1 mg/mL of bovine serum albumin. 
An aliquot (150 jiL) of cell suspension was transferred 
to each well of a 96-well plate that contained either Cl-IB- 
MECA or UTP. The plates were incubated for 30 min at 
37°. The reaction was terminated by the addition of 100 |iL 
of ice-cold 1 80 mM formic acid. After centrifugation 
(2000 g for 10 min at 4-6°), the supematants were neu- 
tralized with 300 liL of 60 mM NH4OH and applied to Bio- 
Rad Dowex AG 1-X8 anion exchange columns. The 
columns were washed with water followed by a 60 mM 
sodium formate solution containing 5 mM sodium tetra- 
borate. Total inositol phosphates were eluted with 1 M 
ammonium formate containing 0.1 M formic acid, and the 
amounts of radioactivity were measured using a liquid 
scintillation counter (Beckman). 



) 



S.C. Kim et ai / Biochemical Pharmacology 63 (2002) 87I-S80 



873 



2.7. HPLC analysis of MRS 1220 stability 



3. Results 



To the culture medium used in the experiments, 2 vol. of 
acetone was added and the mixture was centrifuged (500 g 
for lOmin at room temperature). The supernatant was 
removed and concentrated under a stream of N2. This 
method was shown to recover the MRS 1220 efficiently 
from the growth medium. The amount of MRS 1220 in the 
concentrate was analyzed with a Hewlett-Packard 1090 
HPLC apparatus equipped with a Phenomenex® RP-C18 
analytical column (250 mm x 4.6 mm, linear gradient sol- 
vent system: 0.1 M triethylammonium acetate/CHaCN 
from 0/100 to 60/40 in 20 min, flow rate 1 mlVmin). 
UV detection at 260 nm was used. Under these conditions, 
MRS 1220 had a retention time of 4.8 min. 



3.1 , Induction of apoptosis by Cl-IB-MECA 

HL-60 or MOLT-4 cells were treated with 0-30 ^.M Cl- 
IB-MECA for 24 or 48 hr, and the fraction of cells under- 
going apoptosis was determined using FACS. Significant 
apoptosis was induced by 30 \xM Cl-IB-MECA in both cell 
lines (36 and 58% in HL-60 cells, and 29 and 48% in 
MOLT-4 cells, at 24 and 48 hr, respectively), as indicated 
in Fig. I. This apoptosis rate was confirmed using the 
terminal deoxynucleotide trans ferase-mediated dUTP-bio- 
tin nick-end labeling (TUNEL) method (TACS*^^ 2 TdT- 
DAB in situ apoptosis detection kit; data not shown). The 
degree of cell death determined using the dye exclusion 
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Fig. 1. Induction of apoptosis by Cl-IB-MECA in HL-60 (A) and MOLT-4 (B) cells. After treatment with 0. 15. or 30 ^iM Cl-IB-MECA for 24 or 48 hr, the 
cells were collected and then analyzed by How cytometry as described in Section 2. Data shown are means ± SD of at least three independent experiments. 
Key: significantly different with respect to the 0 hr value, *P < 0.01 (Student's r-test). 
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technique was also consistent with the degree of apoptosis. 
In HL-60 cells, no significant apoptosis was observed at a 
concentration of Cl-IB-MECA of <10 jiM or at exposure 
times shorter than 24 hr. Therefore, a 30 |iM concentration 
was used to study the mechanism of apoptosis induced by 
CI-LB-MECA in subsequent experiments, Apoptosis was 
not observed at 48 hr when the cells were treated for only 4 
or 8 hr with Cl-IB-MECA. 

3.2. Effects of calcium modifiers on apoptosis 
induced by Cl-IB-MECA 

The role of intracellular calcium in Cl-IB-MECA- 
induced apoptosis was examined, since it has been reported 
that CI-IB-MECA increases intracellular calcium levels 



[10,15]. Fig. 2 shows that the CI-lB-MECA-induced apop- 
tosis and cell death were not affected when the release of 
calcium from intracellular sources was blocked by dan- 
trolene (25 or 50 |iM), or when the intracellular calcium 
was chelated following preincubation with BAPTA-AM 
(0.1 or 0.2 iiM). Since the apoptosis rates were not affected 
by the addition of calcium modifiers, any potential change 
in intracellular calcium levels by Cl-IB-MECA would not 
likely be involved in apoptosis induced by Cl-IB-MECA. 

3.3, Effects of AjAR antagonists on apoptosis 
induced by Cl-IB-MECA 

Two human AsAR-selective antagonists, MRS 1523 
(also selective in rat) and MRS 1220, were examined 
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Fig. 2. Effects of calcium modifiers on Cl-IB-MECA-induced cell death and apoptosis. HL-60 (A) or MOLT-4 (B) cells were incubated for 48 hr in culture 
medium containing calcium modulators (Dan: dantrolene, BAP: BAPTA-AM) with or without 30 |iM Cl-IB-MECA. The degree of cell death was determined 
by the Trypan blue exclusion test. Results arc means ± SD from the combined data of two independent experiments performed in triplicate. Percent 
apoptosis, as determined by flow cytometry, is shown in parentheses. 
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Fig. 3. Effects of the A3AR antagonist MRS 1523 on CI-IB-MECA-induced ceil death. HL-60 (A) or MOLT-4 (B) cells were incubated for 48 hr in 
culture medium containing 0-10 )iM MRS 1523 with or without 30 nM CI-IB-MECA. Cell viability was determined by the Trypan blue exclusion test as 
described in Section 2, Data are means ± SD of three independent experiments. Key: significantly different with respect 10 0 \xM MRS 1523, < 0.01 
(Student's r-test). 



for their ability to block Cl-EB-MECA-induced apoptosis 
in HL-60 and MOLT-4 cells. As shown in Fig. 3, a 48 hr 
incubation with MRS 1523 (0-10 |iM) did not improve cell 
viability, which was reduced by 30 |iM CI-IB-MECA. At 
the highest concentration (10 ^M), MRS 1523 slightly 
augmented the effect of 30 |iM CI-IB-MECA in HL-60 
cells. MRS 1220 (0-5 laM) also did not affect the apo- 
ptotic rate induced by 30 [xM CI-IB-MECA (data not 
shown). At 5 ^M, MRS 1220 would be expected to block 
Aj and A2A receptors [1]. Thus, the action of 30 )j.M CI-IB- 
MECA at 48 hr appeared to be adenosine receptor- inde- 
pendent. 



3.4, Phospholipase C activity 

It has been reported that the A3AR is coupled to 
phospholipase C (PLC) [21-23], considered one of the 
main second messenger systems coupled to the A3AR. As 
shown in Fig. 4, however, the production of inositol 
phosphates was not increased by up to 60 ^iM CI-IB- 
MECA in either HL-60 or MOLT-4 cells. To ascertain 
that a functional PLC system was present, we examined the 
effect of UTP, which activates endogenous P2Y2 nucleo- 
tide receptors in HL-60 cells. Treatment of HL-60 cells 
with UTP-activated PLC with an approximately 2-fold 
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Fig. 4. Production of inositol phosphates by Cl-IB-MECA. HL-60 (A) or MOLT-4 (B) ceils were labeled with m:yo-[3H]inositol (I ^Ci/10^ cells) for 24 hr. 
Then the cells were treated for 30 min at 37" with Cl-IB-MECA or UTP in RPMI 1640 medium containing 0.5% fetal bovine serum, 20 mM HEPES (pH 7.2), 
20 niM LiCI, and 1 mg/niL of bovine serura albumin. [^H]-Inositol phosphates were extracted and separated by Dowex AG 1-X8 as described in Sccuon 2. 
Results are means ± SD from the combined data of two independent experiments performed- in triplicate. 



increase at 10 ^M. Therefore, HL-60 cells seemed to either 
lack the A3AR or at least its ability to couple to PLC. UTP 
had no effect in MOLT-4 cells. 

3,5. Western blot analysis 

To understand the mechanism of apoptosis induced by 
Cl-IB-MECA (30 laM), several apoptotic biomarkers were 
investigated by means of immunoblotting (Fig. 5). Caspase 3 
and poly-ADP-ribose-polymerase (PARP) were activated 
in both leukemic cell lines in a time-dependent manner, 
showing that Cl-IB-MECA-induced apoptosis through the 
caspase pathway. We also observed a significant increase 
of Fas following 24 and 48 hr exposures to Cl-IB-MECA. 



There were no changes in the expression of TRAIL, Bcl-2, 
or Bax (data not shown). 

3.6, Effects of agonistic (CH-JI) and antagonistic (ZB-4) 
anti-Fas antibodies on apoptosis induced by Cl-IB-MECA 

Due to its pronounced up-regulation in these cell lines, 
the involvement of Fas expression in Cl-IB-MECA- 
induced apoptosis was investigated further HL-60 
(Fig. 6A) and MOLT-4 (Fig. 6B) cells were treated for 
24 hr with Cl-IB-MECA and/or CH-11, an agonistic Fas 
antibody [24], and apoptosis was determined using FACS. 
The apoptosis rate in both cell lines was not changed 
significantly by CH-U alone during 24 hr, although there 
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Fig. 5. Activation of caspase 3 and PARP and increase of Fas expression in HL-60 and MOLT-4 cells. After treating cells with 30 |iM Cl-IB-MECA for 24 
and 48 hr, proteins were extracted, separated, and analyzed by Western blotting as described in Section 2. Antibody detection of actin bands demonstrated 
that the same amount of protein was present in each lane. BJots shown are representative of at least three independent experiinents. 



were slight increases of cell death at 1 p.g/mL, using the 
Trypan blue exclusion test (data not shown). Apoptosis 
induced by Cl-IB-MECA (30 i^M) in HL-60 cells (Fig. 6A) 
was augmented to 130 and 180% of control with 0.25 and 
l.Ojig/mL of CH-11, respectively. Augmentation effects 
by Cl-IB-MECA and subthreshold doses of CH-li were 
observed in MOLT-4 cells (Fig. 6B). A Fas antagonist was 
also used to demonstrate that this increase in Cl-IB- 
MECA-induced apoptosis elicited by CH-11 was depen- 
dent upon Fas. The pretreatment of HL-60 cell cultures 
with the Fas antagonistic antibody ZB-4 (4 or 8 |xg/mL) for 
1 hr, and its continued presence during the subsequent 
incubation, reduced the degree of apoptosis induced by 
prolonged (24 hr) exposure to Cl-IB-MECA (30 )iM) and 
CH-11 (1 fxg/mL) to the control level of approximately 
30% (data not shown). These results implied that increased 
Fas expression mediated the apoptotic effect of Cl-IB- 
MECA. 



4. Discussion 

It has been reported that A3AR agonists induce cell 
death in leukemic and other cells [10-15], while the 
mechanisms remain unknown. The present study was 
undertaken to determine how Cl-IB-MECA, an A3AR 
agonist, induced apoptosis in leukemic cells. 

Intracellular calcium has been known to modulate 
or transduce many intracellular signals including those 
of programmed cell death or apoptosis. The increase in 
intracellular free calcium following the activation of the 
A3AR has been reported in HL-60 cells and in cardiac 
myocytes [10,15]. We have investigated whether Cl-IB- 
MECA caused apoptotic cell death through an increase of 



intracellular calcium levels. As shown in' Fig. 2, the 
induction of cell death by Cl-IB-MECA was not affected 
when the calcium release from sarcoplasmic reticulum was 
inhibited by dantrolene, or when the free intracellular 
calcium was removed by chelation. Therefore, the change 
of intracellular calcium did not seem to play a role in the 
CI-IB-MECA-induced apoptosis. 

The A3AR increases intracellular calcium levels through 
the coupling to PLC [1]. Therefore, we tested the activity 
of PLC in these leukemic cells upon treatment with Cl-IB- 
MECA (Fig. 4), Inositol phosphates were not increased by 
Cl-IB-MECA in either HL-60 or MOLT-4 cells. However, 
inositol phosphates were increased by UTP used as a 
positive control that acts through P2Y2 receptors known 
to be expressed in HL-60 cells (Fig. 4). When UTP was 
added to HL-60 cells, it increased the production of inositol 
phosphates in a concentration-dependent manner, demon- 
strating the existence of purinergic receptors coupled to 
PLC. However, MOLT-4 cells appear to lack P2Y2 or P2Y4 
receptors, which are normally activated by UTP, although 
the presence of P2Y6 receptors in MOLT-4 cells has been 
reported [25]. Therefore, Cl-IB-MECA did not act through 
a PLC-coupled A3AR. 

Additional evidence that the apoptotic effect of Cl-IB- 
MECA was not exerted through A3AR activation was 
obtained using the selective A3AR antagonist MRS 
1523. The presence of this antagonist in the medium 
throughout the incubation did not block or diminish the 
Cl-IB-MECA-induced cell death (Fig. 3). Another antago- 
nist of adenosine receptors, MRS 1220 (at 1 and 5 ^iM), 
also had no effect (data not shown). Since no antagonism 
was observed, the stability of MRS 1220 in the experi- 
mental conditions was investigated. It was demonstrated 
by HPLC analysis that MRS 1220 remained intact during a 
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Fig. 6. Effect of CH-1 1 on Cl-IB-MECA-induced apoptosis. HL-60 (A) or MOLT-4 (B) cells were incubated for 24 hr in culture medium containing various 
concentrations of CH-1 1 with or without 30 jiM CI-IB-MECA, The apoptotic rate was determined by the Trypan blue exclusion test and by flow cytometry as 
described in Section 2. Data are means ± SD of three independent experiments. Key: significantly different with respect to 0 Kg/mL of CH-11, *F < 0.01 
(Student's r-test). 



48 hr incubation in the presence of HL-60 cells (data not 
shown). Therefore, a mechanism other than activation of 
adenosine receptors seems to be responsible. In rat cardiac 
myocytes [26], a lower concentration of antagonist (MRS 
1523, 1 |iM) was reported to antagonize apoptosis induced 
by 20 |iM IB-MECA, but only when the agonist was 
present for a short period, i.e. 2 hr. In the leukemic ceils, 
however, we observed that the short periods of treatment 
with antagonists (2, 4.5, 9, 18 hr) also did not prevent the 
apoptosis induced by CI-IB-MECA (24 hr). Under condi- 
tions similar to those of Fig. 1, a newly reported A3 agonist 
[27], MRS 1898 (30 |iM), did not induce apoptosis sig- 
nificantly (5% at 48 hr compared with 60% for CI-IB- 
MECA), which is additional evidence that the Cl-IB- 



MECA-induced apoptosis in HL-60 cells does not occur 
through the A3AR (data not shown). Nevertheless, the 
presence of A3AR mRNA in HL-60 cells has been shown 
[10] by reverse transcription-polymerase chain reaction 
(RT-PCR). It was not possible, using ^^^I-AB-MECA, to 
detect radioligand binding to the A3AR in HL-60 cell 
membranes [10]. There may be an insufficient amount 
of A3AR on the cell membrane to transduce the signal. CI- 
IB-MECA may induce apoptosis through a pathway dif- 
ferent from A3AR activation. However, there is also a 
possibility that the A3AR may contribute to apoptosis by 
activating a pathway different from the second messenger 
signals tested above or that prolonged agonist exposure 
may have desensitized the A3AR. The G proteins that 



) 



) 



S.C. Kim et al./ Biochemical Pharmacology 63 (2002) 871-880 



function in coupling to the A3AR may be involved in the 
apoptotic process. For example, the activation of Akt, 
which leads to an anti-apoptotic cascade, by the ml or 
m2 muscarinic receptors, both of which are G protein- 
coupled receptors, seems to be signaled through GoCq, Gaj, 
and P7 without activation of protein kinase C (PKC) [28]. 

When apoptosis was induced in HL-60 and MOLT-4 
cells by CI-IB-MECA, activation of caspase 3 and PARP 
was observed (Fig. 5). There was also an increase of Fas 
expression, which may mediate the apoptotic cell death 
(Fig. 5). Fas induction was not observed when apoptosis 
was induced by 10 camptothecin, a topoisomerase I 
inhibitor, for 5 hr (data not shown). Thus, Cl-IB-MECA- 
induced apoptosis occurred through a pathway different 
from camptothecin, and the activation of the Fas signal is 
an important step in the pathway. 

Fas, a member of the tumor necrosis factor (TNF) 
receptor family, has been considered to have an important 
role in the regulation of death in many cell types, especially 
in mediating signals to induce lymphocytic apoptosis and 
to prevent autoimmune disease [29,30]. Liver cells infected 
with hepatitis C virus showed up-regulation of Fas, which 
is thought to be activated by the Fas ligand (FasL) on the T 
cells in an inflamed lesion of the liver [31]. It was also 
suggested that the induction of Fas expression* may be one 
of the mechanisms of action of chemotoxic drugs and thus 
might enhance the cell susceptibility to Fas-mediated 
apoptosis [32]. 

The importance of p53 in Fas expression has been 
reported recently. In human vascular smooth muscle cells, 
p53 activation transiently increased surface Fas expression 
[33]. Fas was up-regulated in p53"'"^'^, but not in p53~^~ 
human leukemic cells when apoptosis was induced by 
irradiation [34,35]. The transfection of wild- type p53 into 
a p53-null adenocarcinoma induced the marked up-regula- 
tion of Fas [36]. In human colon cancer cell lines, the 
induction of Fas by 5-fiuorouracil and leucovorin was also 
found to be p5 3 -dependent [37]. It was suggested that Fas 
enhanced p53 -mediated apoptosis [38], and that p53 sen- 
sitized cells to Fas-induced apoptosis [33]. According to 
the data that we have shown, the increased expression of 
Fas by Cl-IB-MECA seems to be a novel mechanism for 
the induction of apoptosis in human leukemia cells, which 
do not have functional p53. HL-60 cells are known to be 
p53-null [39], and MOLT-4 cells have a mutated p53 that 
cannot be expressed [40]. Therefore, our results suggest a 
deviation from previously characterized pathways of apop- 
tosis. It would be intriguing to understand how Cl-IB- 
MECA induced the expression of Fas and if the pathway is 
related to that of p53 signals. Although it is uncertain how 
Cl-IB-MECA induced the expression of Fas in these cells, 
we have shown that Fas can be up-regulated independently 
of p53. 

Since Fas-mediating signaling plays an important part in 
the regulation of lymphocyte populations, the intervention 
by bislndolmaleimide VIII, which facilitates Fas-induced 
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apoptosis signaling processes, was suggested as a possible 
strategy for the treatment of autoimmune disease, by 
enhancing apoptosis to eliminate self-reactive T cells 
[41]. Widely used anticancer drugs, such as methotrexate 
and doxorubicin, have been known to act through the up- 
regulation of FasL expression, leading to apoptosis of Fas- 
sensitive tumor cells [42]. Here we suggest that the up- 
regulated Fas expression by Cl-EB-MECA may also be a 
good candidate strategy for autoimmune disease or for 
cancer treatment in combinations with those applications. 
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AQ: B Activation of the protein-coupled A3 adenosine re- 
ceptor (A3AR) has been implicated in the inhibition of 
melanoma cell growth by deregulating protein kinase A 

AQ: C and key components of the Wnt signaling pathway. Re- 
ceptor activation results in intemalization/recycling 
events that play an important role in turning on/off re- 
ceptor-mediated signal transduction pathways. Thus, 
we hereby examined the association between receptor 
fate, receptor functionality, and tumor growth inhibi- 
tion upon activation with the agonist l-deoxy-l-[6-[[(3- 
iodophenyl) methyljamino] -9ir-purine-9-yl I-A^-methyl-^- 
D-ribofura-nuronamide (IB-MECA). Results showed that 
melanoma cells highly expressed A3AR on the cell sur- 
face, which was rapidly internalized to the cytosol and 
"sorted" to the endosomes for recycling and to the lyso- 
somes for degradation. Receptor distribution in the ly- 
sosomes was consistent with the down-regulation of re- 
ceptor protein expression and was followed by mRNA 
and protein re synthesis. At each stage, receptor func- 
tionality was evidenced by the modulation in cAMP 
level and the downstream effectors protein kinase A, 
glycogen synthase kinase-3j3, c-Myc, and cyclin Dl. The 
A3AR antagonist MRS 1523 counteracted the internal- 
ization process as well as the modulation^ the expres- 
sion of the signaling proteins, demonstrating that the 
responses are A3AR-mediated. Supporting this notion 
are the in vivo studies showing tumor growth inhibition 
upon IB-MECA treatment and reverse of this response 
when IB-MECA was given in combination with MRS 
1523. In addition, in melanoma tumor lesions derivtedr. 
from IB-MECA-treated mice, the expression level A2tAB^^^ 
and the downstream key signaling proteins were niodu-j - 1 
lated in the same pattern as was seen in vitro, ^iiio^i 
gether, our observations tie the fate of A3AR to modida^ : ,: 
tion of downstream molecular mechanisms leading^tp^^^ 
AQ: D tumor growth inhibition both in vitro and in vivo, - 



The incidence of melanoma in humans has increased steadily 
over the past years and is one of the more difficult neoplasias to 
clinically manage. Due to the limited response of malignant 
melanoma to conventional chemotherapy and the poor progno- 
sis of patients vTith metastatic melanoma, new therapies for 
this disease are needed. 
Fni Our earlier studies demonstrated that IB-MECA,^ a stable 
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agonist to A3AR, inhibits the proUferation of neoplastic cells 
including metastatic melanoma (1—3). A3AR belongs to the 
family of tiie Gj protein-associated cell surface receptors. Re- 
ceptor activation leads to inhibition of adenylyl cyclase activity, 
cAMP formation, and PKA expression. PKA contains a cata- 
lytic subunit, PKAc, which dissociates from the parent mole- 
cule upon activation with cAMP, resulting in the initiation of 
various signaling pathways (4, 5). Recent studies have demon- 
strated that PKAc phosphorylates and Inactivates GSK-3^ (6). 
We showed that IB-MECA alters the expression of GSK-3/3 and 
/3-catenin, key components of the Wnt signaling pathway. Con- 
sequently it led to inhibition in the expression of the cell cycle 
progression genes, c-myc and cyclin Dl (2). This is an impor- 
. tant observation as the Wnt pathway has been linked to the 
development of malignant melanoma (7-9). 

It is well established that protein receptors are internal- 
ized to early endosomes upon agonist binding. Early endosomes 
serve as the major site of receptor recycling, whereas the late 
endosomes are involved in the delivery of the internalized 
receptor to the lysosomes (10). One point to consider while 
targeting chronically a Gj protein receptor is that desensitiza- 
tion may lead to loss of a functional receptor from the 
cell surface. 

Interestingly, although A3AR expression level was found to 
be low in . most body tissues, it is highly expressed in tumor cell 
lines Given that IB-MECA inhibits the growth of B16- 

-;Elp;:.hielan cells, it was hypothesized that these cells ex- 
.-ij^iubit^rK^^ receptor levels, which may serve as a target for 
?^|tiffior inhibition. We thus sought to explore the fate of 

iiivASii^'upon IB-MECA activation and the consequences on the 
^;h^dpw^lst^eam molecular mechanisms leading to tumor growth 
; ;;j|inliibition both in vitro and in vivo. 

.\;!i'.'Here we show that melanoma cells highly express A3AR, AQ:F 
;::.:i.which upon IB-MECA stimulation rapidly intemaUzes to the 
^ cytosol and sorts to endosomes and lysosomes. Resynthesis and 
extemalization of the receptor to the cell surface then occurs. 
Receptor functionality was demonstrated by the initiation of 
signal transduction pathways, which resulted in down-regula- 
tion of c-Myc and cyclin Dl, leading to tumor growth 
suppression. 

EXPERIMENTAL PROCEDURES 

JJcoge/ifs— IB-MECA and MRS 1523 were purchased from RBI/ AQ:G 
Sigma. For both reagents, a stock solution of 10 mM was prepared in 
MegSO. and further dilutions in RPMI medium were performed. RPMI, 

fetal bovine serum, and antibiotics for cell cultures were obtained from AQ: H 



iodophenyDmethyl] amino] -9H-punne-9-yl] -A^-methyl-^-D-ribofura- 
nuronamide; AB-MECA, OD; A3AR, A3 adenosine receptor; GSK-3^, 
glycogen synthase kinase-S/S; PBS, phosphate-buffered saline; PKA, 
protein kinase A; PKB, protein kinase B; FITC, fluorescein 
isothiocyanate. 
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AQ: I ^^^^ Haemek, Haifa, Israel. f^=^I)AB-MECA was purchased from Am- 
ersham Biosciences. Rabbit polyclonal antibodies against murine and 
human AGAR, PKAc, c-Myc, and GSK-3^ were purchased from Santa 
Cruz Biotechnology Inc., Santa Cruz, CA, Rabbit polyclonal antibodies 
against murine and human pyclin Dl were purchased from Upstate 
Biotechnology, Lake Placid, OT, and Cy3-conjugated anti-goat IgG and 
fluorescein-conjugated anti-rabbit IgG were purchased from Chemicon. 
Temecula, CA. FITC-dextran, FITC-transferrin, and forskolin were ob- 
AQ:J tained from Sigma, and 8-Bromo-cAMP and MG132 were obtained 
from Calbiochem. 

Immunostaining and Confocal Microscopy — B 16- FIG murine mela- 
noma cells were grown for 24 h on coverslips coated with poly(i>lysineJ 
(600 /Lg/ml). Cells were incubated with IB-MECA (10 nM) or with 
IB-MECA + MRS 1523 (100 nM). To further show the immunostaining 
specificity, splenocytes derived from wild type C57B1/6J mice or 
A3AR-/- mice (14) (kindly supplied by Marlene Jacobson from Merck 
Research Laboratories) were mounted on poly(L-lysine) slides for 3 h. 
Cells were fixed in 4% formaldehyde in phosphate-buffered saline 
(PBS) for 1 h at room temperature. The fixed cells were rinsed three 
AQ: K times for 1 min with PBS. To block nonspecific interaction of the 
antibodies, cells were incubated for 30 min in 4% normal goat serum 
in PBS (1% bovine serum albumin, 0.1% Triton X-100). For A3AR 
labeling, cells were then incubated with the primary antibody against 
A3AR at a dilution of 1:1000 in PBS (1% bovine serum albumin, 1% 
normal goat serum, 0.1% Triton X-100) for 24 h at 4 'C. After being 
washed three times for 3 min with PBS, cells were incubated with 
AQ:L Cy3-conjugated anti-goat IgG at a dilution of 1:250 in PBS and 
incubated in the dark for 2 h. Cells were rinsed with PBS three more 
times and mounted with AM 100 media (Chemicon, Temecula, CA). 
AQ; M For the colocalization experiments, the endosomes were labeled by 
incubating cells with 200 M-g/ml FITC-transfenrin in media lacking 
serum for 60 min before incubating with IB-MECA (10 nM) for differ- 
ent time periods. 

Lysosomes were labeled by incubating cells vrith 1 mg/ml FITC- 
dextran in RPMI with 1% serum at 37 "C for 24 h. Cells were washed 
with media and reincubated for an additional 1.5 h in media lacking 
serum following incubation with IB-MECA (10 nM) for different time 
periods. Cells were washed with PBS and fixed with 4% formaldehyde, 
and the A3AR was labeled as mentioned above. Stained cells were 
visualized by a confocal microscope (Zeiss, Axiovert lOO M, excitation at 
553 and emission at 568 nm for Cy3, and at 492 and 520 nm. respec- 
tively, for fluorescein). 

Measurement of cAMP Production — B16-F10 melanoma cells (1 X 
10®/ml) were serum-starved overnight and then incubated with IB- 
MECA. cAMP levels were determined under basal conditions and in 
cells challenged for 5, 15, and 30 min with forskolin (50 nM) in the 
presence or absence of IB-MECA (10 nM). Cells were lyBed by the 
addition of 0.1 M HCl, and cell lysates were collected by centrifugation 
for 10 min at 1000 rpm. Dried samples were stored at - 20 "C :{until 
used. For determination of cAMP production, a commercial enzj^e- 
linked immunosorbent assay kit based on competitive proteiri^biiad^^lj-i^ 
method (R&D systems, Minneapolis, MN) was used. Four^Jdlffereht^^^^^ 
experiments were performed. ;,. ■. 

r^IJAB-MECA Cell Surface Binding—To evaluate receptor>sui^ac»;.r-, 
density upon IB-MECA treatment, a radioligand binding assay! IwaS 'i: 
carried out in intact B16-F10 melanoma cells (see Ref. 20), Cells'w^re 
serum-Starved overnight, washed with PBS, and then incubated witlS: ' 
IB-MECA (10 nM) for different time periods at 37 'C. At the end ofi^} 
incubation period, cells were placed on ice and then rapidly washed 
three times with 120 mM NaCl, 5 mM KCl, 2 mM CaCLj, 50 mM Tris, and 
1 mM EDTA, pH 3.5 (acid T^ buffer) (to remove the agonist). Cells were 
then incubated with 0.5 nM t^^IJAB-MECA in Ti buffer at pH 8.12 at 
4 "C for 120 min. The assay was performed in the absence or in the 
presence of 100 nM IB-MECA for nonspecific binding determination. 
This experiment was repeated three times . 

Western Blot Analysis — To detect the level of expression of the de- 
sired proteins in B16-F10 melanoma cells, Western blot analysis was 
AQ: N performed. Cells were serum-starved overnight and then incubated in 
the presence and absence of IB-MECA (10 nM), MRS 1523 (100 nM), 
forskolin (50 nM), or MG132 (20 nM) for different time periods at 37 *C 
vdth 1% fetal bovine serum. Cells were then rinsed with ice-cold PBS 
and transferred to ice-cold lysis buffer (TNN buffer, 50 mM Tris buffer, 
pH 7.5, 150 mM NaCl, Nonidet P-40 0.5% for 20 min). Cell debris was 
removed by centrifugation for 10 min at 7500 x g. The supernatant was 
utilized for Western blot analysis. F*rotein concentrations were deter- 
mined using the Bio-Rad protein assay dye reagent. Equal amoimts of 
the sample (50 ^tg) were separated by SDS-PAGE, using 12% polyacryl- 
amide gels. The resolved proteins were then electroblotted onto nitro- 
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cellulose membranes (Schleicher & Schuell). Membranes were blocked 
with 1% bovine serum albumin and incubated with the desired primai^ 
antibody (dilution 1:1000) for 24 h at 4 'C. 

To evaluate the specific binding, a blocking peptide corresponding to 
the peptide antigen (Santa Cruz Biotechnology) was used. Blots were 
then washed and incubated vwth a secondary antibody for 1 h at room 
temperature. Bands were recorded using 5-bromo-4-chloro-3-indolyl 
phosphate/nitro blue tetrazolium (BCIP/NBT) color development kit 
(Promega, Madison, WI). The optical density of the bands was quanti- 
fied using an image analysis system and corrected by the optical density 
of the corresponding actin bands. Data presented in the different fig- 
ures are representative of at least three different experiments. 

Northern Blot Analysis — Total RNA was isolated from B16-F10 mel- 
anoma cells treated with IB-MECA (10 nM) or IB-MECA + MRS 1523 
(100 nM) for 1 h, utilizing TRI reagent (Sigma). The samples were then 
subjected twice to phenobchloroform extraction and washed with chlo- 
roform. RNA was precipitated with sodium acetate/ethanol following 
washing with ethanol, and then denatured, separated (25 tigfiane) in 
1,1% formaldehyde agarose gel, and transferred to Hybond-N mem- 
brane. The 390-bp EcoRl fragment fi:*om A3AR cDNA clone of mouse 
(TAA3I.S), kindly supplied by Dr Kathia Ravid, was prepared by 
random-primed synthesis. Probes were used in RNA blot analysis 
at a hybridization temperature of 42 *C in the presence of 50% 
formamide. 

In Vivo Studies — C57BL/6J, male mice (Harlan Laboratories, Jeru- 
salem, Israel) aged 2 months, weighing an average of 25 g, were used. 
Mice were maintained on a standardized pelleted diet and supplied 
with tap water. Experiments were performed in accordance with the 
guidelines established by the Institutional Animal Care and Use Com- 
mittee at the Rabin Medical Center, Petah Tikva, Israel. 

The effect of IB-MECA on the development of subcutaneous tumors AQ: Q 
in C57B1/6J mice was studied. B16-F10 (2.5 x 10^) melanoma cells were 
subcutaneously injected to mice flank. Treatments as detailed below 
were administered orally tsvice daily, starting 24 h after the inoculation 
of the tumor cells. Four groups of mice were included in the study and AQ: R 
treated as follows: 1) control, vehicle only; 2) IB-MECA, 10 MS^g; 3) 
IB-MECA (10 fjte/kg) + MRS 1523 (100 MS^g); 4) MRS 1523, 100 iJug/kg. 

On day 15, the mice were treated with IB-MECA and sacrificed after 
1 h. Tumor size (width (W) and length (L)) was measured with a caliper AQ: S 
and calculated according to the following formula: tumor Size - iW)^ x 
L/2. Tumor lesions were then excised and homogenized (Polytron, KI- 
NEMATTCA), and protein was extracted and subjected to Western blot 
analysis for the determination of A3AR. Each group contained 15 mice, 
and the study was repeated three times. 

Statistical Analysis — The results were evaluated using the Student's 
t test,;'wth;atatistica^ significance at p < 0.05. Comparison between the 
meN&n;ya^^ different experiments was carried out 

> 'j RESULTS 

f:: (LocaIization of A3AR in B16-F 10 Melanoma Cells — To study 
^rece^tor localization, we utilized confocsd laser microscopy. Un- 
^jtr^ted cells (control) highly exhibited A3AR on the cell sur- 
^face, as seen firom the fluorescence intensity level. A marked 
;vdecrease in the fluorescence level was noted after 5 min in the 
r-IB-MECA-treated cells. Exposure of the melanoma cells to the 
antagonist MRS 1523 in the presence of IB-MECA resulted in 
cell surface fluorescence intensity similar to that of the control 
(Fig. lA). These data suggest that rapid receptor intemahza- 
tion took place upon IB-MECA treatment. The specificity of 
receptor immunostaining was evidenced by showing marked 
fluorescence in splenocjrtes derived from wild type mice as 
compared with negative staining in splenocytes from A3AR 
knockout mice (Fig. IB). 

To further explore the time course kinetic of A3AR internal- 
ization, B16-F10 melanoma cells were exposed for different 
time periods to IB-MECA, and confocal microscopy analysis 
was carried out. Fig, 2 depicts the gradual internalization rate 
that occurred within a few minutes, resulting in the disappear- 
ance of the fluorescence after 6 min. Prolonged exposure (15 
min) of the melanoma cells to IB-MECA resulted in receptor 
recycling to the cell surface. This was followed by internaliza- 
tion/recycling after longer incubation time periods (30 and 60 
min). To confirm the observation that the fluorescence level is 
decresised as a result of internalization, we performed optical 
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Fig. 1. Melanoma cells highly ex> 
hibit A3AR, which is down-regulated 
upon IB-MECA treatment (confocal 
microscopy imaging). B16-F10 mela- 
noma cells were incubated for 5 min at 
37 -C with 10 nM IB-MECA. The cells 
were labeled with the primary and sec- 
ondary antibodies against A3AR and the 
Cy3-conjugated anti-goat IgG, respec- 
tively. Images represent the center sec- 
tion of the X-Y plane. A, exhibition of 
A3AR in melanoma cells. High fluores- 
cence intensity is depicted in the control 
cells, whereas in IB-MECA- treated cells, 
lower fluorescence is seen. The combined 
treatment with IB-MECA and the antag- 
onist MRS 1523 (100 nM) for 5 min results 
in fluorescence similar to that of the con- 
trol. B, splenocytes derived from wild type 
mice (showing A3AR-positive staining) in 
comparison with splenocytes derived from 
A3AR knockout mice (negative staining). 



CONTROL 



IB-MECA 



IB-MECA +MRS 




Wild T>'pe 



Knockout 




F3 



F4 



sectioning of the cells. In untreated cells (control), the receptor 
was exhibited on the cell siarface (Fig. 3, upper left), and jiipon 
exposure to IB-MECA for 5 min, it was presented inside thli:bBll 
(Fig. 3, upper right), supporting the notion that A3AR iraSsio-: 
cates from the membrane to the cytosol. After 15 and?6temm 
the receptor was accumulated in the cytosol (Fig. 3, Zou)^r 7e/i 
and right). ^j^^-Z-^^:^ 
To assess differences in subcellular localization of :^PiSL 
following exposure to IB-MECA, we examined the time^e-' 
pendent colocalization of A3AR with FITC-transferrin and 
FITC-dextran, known to accumulate in distinct subcellulcir 
compartments. Fig. 4A demonstrates that in unstimulated 
cells, the A3AR distribution (green) displays a membrane local- 
ization pattern, whereas transferrin (red) was accumulated in 
small vesicles. At 5 and 15 min after treatment with IB-MECA, 
a significant colocalization of A3AR and transferrin in the early 
endosomes was observed (colocalization shown in yellow/or- 
ange). However, when cells were exposed to IB-MECA for 60 
min, less colocalization of A3AR and transferrin was evident 
(Fig. 4A). Time-dependent localization of A3AR with lysosomes 
(red) was revealed in cells labeled with FITC-dextran. Un- 
stimulated cells displayed A3AR on the cell surface, and dex- 
tran was localized to large vesicles typical of lysosomes, many 
of which are centrally located in the cells (Fig. 4B, upper left). 
After 5 min of incubation with IB-MECA, some colocalization 
with dextran was observed. Following 15 min of exposure, 
A3AR exhibited significant increase in co-localization but was 



J.^s:iew<ien at 60 min of incubation. Taken together, these 
j|fesl2|^:^^ that upon internalization, A3AR is trans- 

^i:;;|pp^^^d^t» the early endosomes and to the lysosomes, suggesting 
r^ ;t&ajf sequestration occurred mainly within the first 5 min of the 
feje^cppsu to IB-MECA, whereas the distribution to lysosomes 
ii^^ccurred later, peaking at 15 min. 

Radioligand Binding to Surface Receptor of IB-MECA- 
f^eated Cells — To evaluate receptor surface density, IB-MEC;A- 
treated cells were exposed to [^^I]AB-MECA for different time 
period. Fig. 5 shows that radioligand binding was decreased 
after 15 (56%) and 60 min (33%), demonstrating that IB-MECA 
induced accumulated internalization of A3AR. Interestingly, 
full recovery of the receptor to the cell surface was observed 
after 24 h. 

RNA and Protein Expression Level of A3AR in IB-MECA- 
treated Melanoma Cells — Time-dependent expression of A3AR 
in the melanoma cells was examined by Western blot analysis. 
IB-MECA-induced modulation of A3AR expression in a sinus- 
oidal pattern, i.e. down-regulation and up-regulation, occurred 
at different time points (Fig. 6A). When blocking peptide was 
utilized, the A3AR band disappeared, confirming that the 32- 
kDa band is A3AR-specific. 

To test whether protein expression was modulated due to 
degradation and resynthesis, we exposed the cells for 1 h to 
IB-MECA in the presence of MG132, a protein degradation 
inliibitor. Indeed, MG132 prevented A3AJR down-regulation, 
illustrating that following internalization, receptor degrada- 
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Fig, 2. Time course of A3AR internalization/externalization in 
B16-F10 melanoma cells (confocal microscopy imaging). B16-F10 
melanoma cells were incubated for different time periods at 37 'jC with 
10 nM IB-MECA. Cells were labeled with the primary antibody^i^ainst ; 
A3AR and the secondary antibody, Cy3-conjugated anti-goat;igG.i!lmr ■= 
ages represent the center section of the X-Y plane. Control cdlls^exlii^ 
ited high fluorescence, gradually disappearing upon IB-MECAr&^ktP> 
ment for 3, 4, and 6 min. Fluorescence was apparent again after^ 15 min; 
when the receptor was externalized to the cell surface. : . ? .* 

tion took place (Fig. SB). We next examined mRNA expres^M 
level upon exposure of the cells to IB-MECA for 1 h. ExpressioS 
level was up-regulated, suggesting that resynthesis of A3AS 
had occurred (Fig. 6C). The specificity of this response was 
demonstrated by utilizing the selective antagonist MRS 1523, 
which reversed the increase in mRNA expression. 

IB-MECA Modulates Key Elements Downstream to A3AR 
Activation—To show A3AR functionality in the B16-F10 mela- 
noma cells, we tested cAMP production level and the protein 
expression level of the downstream effectors PKAc and GSK-3J3 
(known from our former study to be up-regulated upon A3AR 
activation) (2). IB-MECA inhibited forskolin-stimulated cAMP 
accumulation after 5 and 15 min, whereas after 30 min, cAMP 
level was similar to that of the control value (Fig. 7A). De- 
creased PKAc and increased GSK-3^ levels were observed after 
15 min, whereas at 30 min, PKAc level stabilized, and GSK-3^ 
only slightly increased (Fig. IB). The specificity of this response 
was demonstrated by introducing forskolin to the culture sys- 
tem, which counteracted the effect of IB-MECA and prevented 



Fig. 3. Time course of A3AR intemalization/extemalization in 
optical sections of B16-F10 melanoma cells (confocal micros- 
copy imaging). B16-F10 melanoma cells were incubated for different 
time periods at 37 "C with 10 nM IB-MECA Cells were labeled with the 
primary antibody against A3AR and with the secondary antibody (Cy3- 
conjugated anti-goat IgG antibody). Images were acquired as single 
midcellular optical sections at 20 scans/frame. In untreated cells, green 
fluorescence labeling, representing A3AR, was confined to the cell sur- 
face. After 5 min of incubation, green labeling was distributed in the 
cytosol. At 15 min, the green labeling was less abundant, and at 60 min, 
green fluorescence was distributed throughout the cytosol and on the 
cell surface. 

the modulation in PKAc and GSK-3^ level (Fig. 7C). These 
results corroborated with the cAMP data, indicating that re- 
ceptor desensitization/resensitization took place upon chronic 
exposure to the agonist. . _ . 

To further evaluate the association between, receptor activa- 
tion, the subsequent downstream signaling events, and the 
specificity of these responses, B16-F10 melanoma cells were 
exposed^to -ffirMECA in the presence and absence of MRS 1523 
%:!|(fe|m^ and G^SK-3^ levels were modulated as was 
de^cidb)^^^^ leading to down-regulation in the expression 

;l^eyelyp^^^^ Dl and c-77iyc, the two cell cycle progression 
^.; genesl^MR^ 1523 antagonized the modulation in the expression 
ii^;leyel-o^ proteins, indicating that the response was mediated 
:|na|aie A3AR (Fig. 8). 

: rIB-MECA Inhibits Melanoma Development in Mice — IB- 
iilteCA markedly suppressed the development of B16-F10 mel- 
ij^anoma txunor growth in the flank model (52% inhibition, p < 
0.0001, Fig. 9A). In mice treated with a combination of IB- 
MECA and MRS 1523, no inhibition was noted, demonstrating 
that the antagonist counteracted the activity of IB-MECA and 
that the response was A3AR-mediated. In tiimor lesions ex- 
cised fjTom these mice. Western blot analysis revealed down- 
regulation of A3AR, c-Myc, and cyclin Dl and up-regulation of 
GSK-3)3 expression level (Fig. 9B). This modulation in the level 
of proteins was also neutralized by MRS 1523, further demon- 
strating the specificity of the response. 

DISCUSSION 

IB-MECA is a synthetic A3AR agonist exhibiting a potent 
antiproliferative effect against tumor cells both in vitro and in 
vivo (1, 2, 15, 16). In this study, we show that B16-F10 mela- 
noma cells highly express A3AR. Exposure of the receptor to 
IB-MECA resulted in receptor intemalization/extemalization 
followed by the modulation of key proteins involved in signal- 
ing pathways leading to tumor growth inhibition. 

Four experimental approaches to test A3AR exhibition and 
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Fig. 4. Time course of A3AR colocalization with transferrin 
and dextran in BI6-F10 melanoma cells exposed to IB-MECA 
(confocal microscopy imaging). In A, to tag the endosomesi ,inela- ; : 
noma cells were labeled with 200 ^jLg/ml FITC-transferrin (red) lii media =l^i 
without serum for 60 min in the presence and absence of IB-MECA (10^^; 
nM) for different time periods. The A3AR was labeled as^mentibned?S 
above igreen). In B, lysosomes were labeled by incubating cMs 'with^^^^ 
mg/ml FITC-dextran (red) in RPMI with 1% serum at 37 *CTor 24 h. 
Cells were washed and reincubated for an additional l.S h in inedik 
lacking serum following incubation with IB-MECA (10 nM) for differenti J^i 
time periods. The A3AR was labeled as mentioned above igreen)f^Gr% 
both A and B, stained cells were visualized by a confocal microscope"^' 
(Zeiss, Axiovert 100 M, excitation at 553 and emission at 568 nm for 
Cy3, and at 492 and 520 nm, respectively, for fluorescein). 



expression in B16-F10 melanoma cells were used in this study. 
In confocal microscopy analysis, the exhibition of A3AR on the 
cell surface was exemplified by massive fluorescence, which 
disappeared on IB-MECA treatment, later to reappear, indi- 
cating that receptor intemalization/recycling had taken place. 
The specificity of this response was proved by the introduction 
of the antagonist MRS 1523 to the culture system in the pres- 
ence of IB-MECA, resulting in cell surface receptor exhibition 
similar to the control. The antagonist blocked ligand binding, 
preventing internalization, thereby retaining full receptor ex- 
hibition. Supporting the intemalization/extemahzation event 
are the studies in which confocal microscopy sectioning exem- 
plified the translocation of the receptor from the membrane to 
the cytosol. Furthermore, the radioUgand binding assay 



Fig. 5. Cell surface A3AR density in IB-M£CA-treated cells as 
evaluated by f^^IlAB-MECA binding assay. B16-F10 melanoma 
cells were incubated for different time periods at 37 "C with 10 nM 
IB-MECA After incubation, cells were washed to remove agonist. Cell 
surface A3AR density was evaluated by measuring the radioligand 
binding at 4 "C for 120 min. Data, expressed as percent of control, 
represent values of three different experiments. 

showed accumulated decrease in siu^ace receptor density upon 
IB-MECA treatment and fiill recovery of the receptor to the cell 
surface after 24 h. Tagging the cells with transferrin confirmed 
the assumption that the receptor was internalized. Transferrin 
primarily internalizes with transferrin receptors and constitu- 
tively recycles with the receptors through early endosomes to a 
recycling compartment and then back to the cell surface (10, 
17). Our data showing colocalization of A3AR with transferrin 
after 5 and 15 min, both in the cytoplasm and on the cell 
surface, support the notion that internalization followed by 
recycling took place. Taken together, it seems that based on the 
radioUgand binding and the confocal microscopy data, a partial 
receptor recycling occurs after short incubation period, 
whereas full recovery takes place after a long period of time, 
Thi5„con^dusipn may suggest that part of the internalized re- 
ceptor"" is Js^iy to degradation and that a subsequent re- 
ceptor resynthesis is needed for full receptor recovery. Indeed, 
ipithe ;:;high of receptor expression was down-regulated 

itshortly, IB-MECA treatment. Prolonged incubation peri- 
ipdsiresulted in repeated down-regulationAip-regulation of re- 
loepfcbr expression, suggesting that this pattern may be a result 
:bf receptor degradation and resynthesis. To confirm this notion, 
:;\ve utilized MG132 that prevented receptor down-regulation 
I due to its protease inhibitory effect. Additional data to support 
' the view that part of the internahzed receptor was degraded 
came from confocal microscopy studies in which the cells were 
labeled with FITC-dextran, which has been shown to specifi- 
cally accumulate in lysosomes (18). Moreover, the increased 
expression level of protein and mRNA after 60 min of incuba- 
tion indicated the involvement of both transcriptional and post- 
transcriptional events in the process of receptor resynthesis. 
Others also demonstrated A3AR intemahzation/recycling; 
however, tiie time course did not overlap our values, most 
probably due to the utilization of different cell types and iago- 
nist concentration (19-21). 

Receptor functionality was tested by monitoring the level of 
cAMP and key proteins modulated upon A3AR activation. A 
decrease in PKAc and an increase in GSK-3^ levels were ob- 
served both in vitro and in vivo. The modulation in the level of 
these proteins was antagonized by forskolin and MRS 1523. 
Interestingly, after a longer incubation period (30 min), recep- 
tor desensitization occurred and was manifested by reversing AQ:V 
levels of PKAc and GSK-3j3. In a previous study (2), we showed 
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that IB-MECA inhibited melanoma cell growth via cross-talk 
between A3AR and the Wnt signaling pathway. A3AR activa- 
tion was found to inhibit PKAc and PKB, thereby retaining 
GSK-3/3 in its active nonphosphorylated form (2). GSK-3)3 was 
shown to phosphorylate and inactivate jS-catenin, which conse- 
quently induced the down-regulation of c-Myc and cyclin Dl 
(22). In some tumor cells, Including melanoma, GSK-S/S fails to 
phosphorylate ^-catenin, which accumulates in the cytosol. It 
then translocates to the nucleus, where it induces the tran- 
scription of cyclin Dl and c-myc, leading to cell cycle progres- 
sion (7-9). It thus seems that signal transduction pathways 
initiated upon receptor sensitization also need to be turned off 
(desensitized) to ensure that signaling can be achieved, allow- 
ing the regulation of cell function. Receptor desensitization led 
to sipal termination despite the continuous presence of the 
agonist in the culture system. Subsequent resensitization, t.e. 



the expression of a functional receptor on the cell surface being 
capable of generating signaling pathways, took place. This 
chain of events is typical in other G-protem-coupled receptors 
(23, 24). 

Plemarkably, IB-MECA was also efficacious in suppressing 
melanoma development in mice. The expression profile of 
A3AR and GSK-3/3, in the tumor lesions derived from IB- 
MECA-treated mice, was similar to that shown in uitro. More- 
over, cyclin Dl and c-myc levels were down-regulated in the 
melanoma lesions. These two cell cycle progression genes have 
been reported earUer to be overexpressed in melanoma cells 
(25, 26). This suggests their down-regulation as part of the 
mechanism of melanoma growth inhibition by IB-MECA 

The specificity of tumor suppressive response to IB-MECA 
was confirmed in vivo when melanoma-bearing mice were 
treated with IB-MECA + MRS 1523. The latter blocked most of 
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immunoblots showing the effect of 10 nM l^^clon^^Z^on^^ IB-MECA treatment. This figure displays 

cells. Serum-starved c«lls (for 18 h) were treated for 15 min ^^m^CA^^.^:Z^ J"^^^' ^^^^^^ ^ B16-F10 mela^oi^a 

responses, the antagonist MRS 1523 (100 ni.) was Intro^u^d to iie^^^ ^stem '"^ specificity of these 



the inhibitory effect of IB-MECA. demonstrating that the re- 
sponse IS A3AR.mediated. EarUer studies demonstrated that 
A3AII agomsts such as IB-MECA or Cl-IB-MECA, at micromo- 
lar concentrations, induced apoptosis in different ceU types In 
some of the studies, the activity was found to be A3AR- 

T^t^ tt ^l^Tl ^ "'^"^"^ antagonists did not coun- 

A^Ip t^^^.^ff^^t demonstrating that the apoptosis was not 
A3AR-mediated (27, 28). In distinction from these studies in 
the present work, IB-MECA was used at nanomolar concen- 
trations, and its activity was counteracted by the antagonist 



^o^t }^^^\ demonstrating that the response was 
A3AR-dependent. 

AQ^'fo^ff^''^'^'^* melanoma cells highly express and exhibit 
A3AR. Upon activation, the receptor is internalized to the 
cytosol. "sorted" to the early endosomes, and recycled to the cell 
surface. Alternatively, the receptor may be targeted to lyso- 
somes and then subjected to degradation followed by resynthe- 
sis and extemalization. Modulation of key proteins leading to 
tumor growth inhibition both in vitro and in vivo was 
demonstrated. 
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ORIGINAL PAPER 

An agonist to the A3 adenosine receptor inhibits colon carcinoma growth in 
mice via modulation of GSK-3yJ and NF-kB growm nn 

ItiS^'and'i:::-^^^"-'''''''''^'^' °" ^^-^ B-r., Avivi, Ochaio„.. Abigail 



A3 adenosine receptor (A3AR) activation with the specific 
agonist CFlOl has been shown to inhibit the development 
or colon carcinoma growth in syngeneic and xenograft 
murine models. In the present study, we looked into the 
eiiect of CFlOl on the molecular mechanisms involved in 
the inhibition of HCT-116 colon carcinoma in mice. In 
tumor lesions derived from CFlOl-treated mice, a 
"T ^'^P^^Jo" 'e^e' of protein kinase A 
J^^cv ^" increase in glycogen synthase kinase-3/J 
(OSK-3/?) was observed. This gave rise to downregulatio" 
Of ^H:atenin and its transcriptional gene products cyclin 
Dl and c-Myc. Further mechanistic studies in vitro 
revealed that these responses were counteracted by the 
selective A3AR antagonist MRS 1523 and by the GSK-3« 
inhibitors Uthium and SB216763, confirming that the 
observed effects were A3AR and GSK-3/J mediated. 
CFlOl downregulated PKB/Akt expression level, result- 
ing in a decrease in the level and DNA-binding capacity of 
INI- -KB, both lit VIVO and in vitro. Furthermore the#KA« 
and PKB/Akt inhibitors H89 and Worthmannin miiniaied?' 
the effect of CFlOl, supporting their involi^lnilnt fn 
mediating the response to the agonist. Thi& is lh¥*%rst 
demonstration that A3AR activation induces lilon carci- 
noma growth inhibition via the modulation of the key 
proteins GSK-3^ and NF-kB. r- & .Jf- ^ 
Oncogene (2003) 0, OOO-OOO. doi:iPilb3^/sj\onc. 1 207355 

Keywords: A3 adenosine receRt6r;;.:.CF101; colon carci- 
noma; jg-catenin; GSK-3i8'-, L. 



Introduction- %... 

A^lfeiisl Gi-protein-coupled receptor containing 
seven a h?]ical spanning membrane domains. A3AR was 
round. sto:^^be expressed in different tumor cell lines 
mcludmg Jurkat T. pineal gland, astrocytoma, melano- 
^^f^ ^/ ^""^ prostate carcinoma (Gessi et al 

2001; Menghi et al., 2001; Suh et al., 2001; Trincavelii 

•^rrespondence: P Fishman. Can-Fite BioPharma Ltd, Kiryat 
Matalon Petach-Tikva. 49170. Israel; E-mail: pnina@canfite co il 
R«^.ved 31 July 2003; revised 5 November 2003raccepVe^?2 November 



et al., 2002a; Fishman et al., 2003; Madi et al 2003- 
Ghana et al., 2003). A3AR activation leads to inhibition 
of adenylyl cyclase activity. cAMP formation and PKA 
expression, resulting in the initiation of various signaling 
pathways which may include the MAPK and the PI3K 
(Poulsen and Quinn. 1998; Olah and Stiles, 2000- 
Trmcavelli et al., 2002b). 

Our earlier studies demonstrated that melanoma cells 
highly express Aji^R, and suggested that it may serve as 
a target for tumof grow'th inhibition. A3AR activation 
^ In ^y"! %tic jigonist 1 -deoxy- 1 -[6-[[(3-iodophenyl)- 
methylJ^minp]i9Xr-purine-9-yl]-A^-methyI-/S-D-ribofura- 
nuron^ide|(IB-MECA) inhibited the growth of mela- 

o^r^i^^v^* '" ^ "'w (Fishman et al., 2001 

2002a, b, 2003; Ghana et al., 2001; Madi et al 2003)' 
^he j^mechanistic pathway involved downregula'tion of 
#^y:"^ signaling pathway. It was found that IB-MECA 
inhibited the expression of PKAc and PKB/Akt. thereby 
?roi?"*i"8 phosphorylation and inactivation of 
OSK-3^. Consequently, GSK-3;? was shown to phos- 
phorylate ^-catenin and prevent its translocation to the 
nucleus, resulting in downregulation of cyclin Dl and c- 
Myc (Fishman et al., 2002b; Madi et al., 2003). PKB/ 
Akt IS also known to control NF-kB level by phosphor- 
ylating downstream proteins, which in turn release NF- 
fcB from Its complex (Madrid et al., 2001). Similar to B- 
catenin, NF-icB translocates to the nucleus, where 
among other genes, it induces the transcription of c- 
Myc and cyclin Dl (Joyce et al., 2001) 

Our previous studies showed that CFlOl is efficacious 
in suppressing the growth of primary and liver 
metastasis of CT-26 colon carcinoma cells in syngeneic 
expenmental tumor models in mice (Ghana et al 2003) 
In addition, CFIOI inhibited the growth of subcuta- 
neous HCT-116 human colon carcinoma cells in a 
xenograft model in mice. 

Aberrant activation of Wnt signaling, caused by 
mutations in ^-catenin or APC, is a critical event in 
r?l^ 7» °^ colorectal tumors. In these cases. 

«JS>K-3/f fails to phosphorylate ^-catenin. which accu- 
mulates in the cytoplasm. /?-catenin then translocates to 
tfte nucleus where, in association with Lef/Tcf, it induces 
the transcription of cyclin Dl and c-Myc (Morin 1999) 
TTie present study is focused on the molecular 
mechanism involved in the inhibition of colon carcino- 



Cml : Ver 6. 
Templaic: Ver 6, 



Journal: ONC □ Disk used 

Article : NPG_ONC_6698 Pages: 1-7 



Despatch Date: 28/11/2003 
OP: KGU ED: MARIA 



NPaONCj6698[ 



A3 adenosine receptor agonist suppresses colon carcinoma 
^ P Fishman et at 



Oncogene 



ma growth by CFIOI. We explored the signaling 
modulation of GSK-3i? and NF-kB. both of which are 
affected by PKB/Akt (which is do>;a,strearn To PBK) 
and are known to regulate the level of the important 
oncogenes cychn Dl and c-Myc. A major role for GSK- 
ip in mediatmg these responses is discussed. 



Results 

C/-/Oy inhibits colon carcinoma growth in vivo and 
modulates the expression level of A^AR and downstream 
cell growth-regulatory proteins in tumor lesions 

HCT-1 16 colon carcinoma cells were engrafted sub- 
S'onsru^nT '''f',^'^.- When tumor reached the 

f suppressed in the 

*X1?A ^^^^^ ^/rS"P comparison to the vehicle- 
treated group (Figure la). On the day of study 
termination, 52 + 6.1o/„ (/><o.001) tumor growth in^ 
hibition was observed. To evaluate the effect of chronic 
CFlOl treatment on A3AR expression and downstream 
cell growth-regulatory proteins, extracts were prepared 
trom tumor lesions and subjected to Western blot (WB) 
analysis. In the group of mice killed 2h after the last 
treatment, the expression level of A3AR PKAc /? 
l^tenm NF-.B, c-Myc and cycIin-Dl^as' do^r^gf- 
^ ^ 'J^n TflP^^^-^^ upregulated. In the group of 
mice killed 16 h after the last treatment, A3AR expres- 
sion was similar to that of the vehicle-treated group 
Interestingly, in this group, most of the cell growth- ' 
re^latory proteins were decreased in comparison to the 
control group, indicating that continuous downregull- 
tion IS achieved upon chronic CFlOl treatment! llketi' 
together these data show that receptor downtegfilatibn 
occurs shortly (2h) after CFlOl treatmerit. le&ilg'to 
modulation of downstream proteins.., and Ihat AjAR 
was not desensitized despite chroniqiMivaticiii (over a 
20-day penod). The expression of .thixecegtor returned 

de„,onTl- '"^t <5&*k administration. 

aftep cKrpfflc activation, the 
receptor is fully expressed (Figure, lb). 

CFlOl modulates the^$shon level of A,AR and 
downstream cell g^wmge^tory proteins in vitro 

To further study tfedsociation between A3AR activa- 
tion and the;;:,?xMession of downstream cell growth- 
^^'mM^^ins. HCT^lie colon carcinoid cells 
"^^^.^^^^W^ »° the presence of CFlOl (10 nM) for 
n^in. %oteins were extracted and analysed by WB 

of theiV?^ ^'^^^ downregulated. while the expression 
of their downstream substrate GSK-3^ was upregulated 
The levels of the coactivator ;5-catenin and the down- 

fSe 5ff ^x"^' ''^'^ll" .^"'^ '^-^y^ decreased 
^Ia^^a 7° confirm that these responses are 
mediated via the A3AR. the antagonist MRS 1523 was 
introduced to the culture system. The antagonist 
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fn^T^L folon carcinoma cell growth in nude mice 

fesfonT 2'CT'??fi°',r" 8^°*^-"8uIatory proteins in tum^ 
mi« PFi^ /.n t subcutaneously engrafted to nude 

mice CFlOl (I0//g/kg) treatment was initiated when tumor 
reached a s,ze of 150mm\ and was given twice daily foTIi 
consecutive days. On day 21, the mice were killed 2 or 16 h after 
;v.ii 'esions were removed and protein 

extracts were prepared, (a) Tumor size was measured every 4 days 
1 he curve represents a comparison between the vehicle and CFIOI- 
treated groups, (b) Immunoblots showing the effect of CFIOI on 
cell growlh-regulatory proteins derived from the colon carcinoma 
tumor lesions. AjAR was downregulated 2h after treatment and 
fully expressed after 16h. Downstream cell growth-regulato^ 
proteins were modulated upon CFIOI treatment 



counteracted the effect of CFIOI, thereby retaining the 
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control levels of PKAc, GSK-3^ and cyclin DI 

(Aw ^-^^-^y of the 'respond 

(Mgure 2b). To further elucidate the role of PKA and 
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PKB in mediating cell response to CFlOl, their activity 

PKRmI^"*'k1-*'^ Worthmannin (PKA and 

fncre^i n^^K^^^^ "^'^^''^ 
inhSrs treatment with the two 

CFJOJ deregulates and downstream key 

signaling proteins 

that CFlnf was carried out to assure 
that CF 01 decreased cyclin Dl and c-Myc levels via 
modulation of GSK-3^. We therefore compare? the 
active nonphosphorylated GSK-3^ level to its nonact ve 
phosphorylated form. Consistent with the former ditl 
we found that, upon CFlOl treatment, the nonpho- 
sphorylated form was upregulated. whereas the phos- 

£bito t r'J'^/J^''^'"^'"'^ ^"^'^'^ SB216763, an 
nlubitor to GSK-3/?, counteracted the ability of CFlOl 

was GSK^"f ' "i^f;, ''^"fi^'^-g that this response 
Zfr^.S mediated (Figure 3b). Furthermore, 

marked increase m the activity of GSK-3fl was also 
noted after 15 and 30min (Figure 3c). To assfss iter 
the decrease ,n ;ff-catenin is mediated via its phosphor- 
ylation by GSK.3ft HCT-I16 cells were treatS wUh 
hthium chlonde^that inhibits the serine/threo^ne 
phosphorylation activity of GSK-3 S Indeed UthiV.rn 

nuglear Jevel of LEF-1 in the CFl 01 -treated Ss was 

^STsT^^"^" «"PP°«ing the notion S 

,=less ^-catenm was associated with LEF-] and subse- 
quently translocated to the nucleus. 

o/OTOy on the level and transcription activity of 

AcUvated PKB/Akt can phosphorylate IkB kinase 

ekaTe'o NF^'^R^r P^^^P'^^'^^-tion events and the 
release of NF-kB from its complex with I;cB. Accord- 

PKB/AW TT"'^ downregulation of 

PKB/Akt will affect the protein expression and DNA- 

Dl Z °f NF-^B. also known to induce cychn 

Dl and c-Myc transcription. Indeed, decreased NF-kB 

hwlf^ ^^'S"""^ ^a)- ™s decrease was 

blocked when the antagonist MRS 1523 was present^S 
the culture medium together with CFlOl. demons^t ne 
the specificity of this response. Moreove . eirtrSore^ 



fifoJ Modulation of cell growth-regulatory proteins in HCT- 
Imn,.? w "Pon CFIOI treaiment iuroM 

l^^^r^fK^^TKil^^^^^^^ °" the exp^ssii'n^ 

Myc in HCr-n-6 <^rSe:;.°S/X^:-S t^LVd 
for 5 mm with CFIOI in the presence of 1 % FBS (T>) To t«?th, 

of CF^SI on ? '^'',!'""- ^"'"'""Oblots showing the effe« 

w^d absence of M^ .^sT'''"!f^"'''r "» P^^"" 

t^^ effe« of HM^in l^^^rf^' I'"m™oblots showing 

x^re'^o" llu f clsK':?; Worthmannin (.OOnM) on thf 
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tic mobility shift assay (EMSA) conducted with cell 
nuclei extracts revealed marked reduction in NF-^B 
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DNA-binding capacity at 15, 30 and 60 min, suggesting 
a reduction in the NF-kB transcription activity at thesf 
time points (Figure 4b). 



Discussion 

In the present study, we followed the downstream 
signaling events taking place subsequent to A.AR 
activation, resulting in tumor growth inhibition These 
studies were conducted in a xenograft nude mice model 
and were confirmed in vitro, moaei. 
In mice treated chronically for 20 days with CFlOl 
r m n?' T^-^*" downregulation was noted shortly afte; 
CFI 01 administration. Later on, prominent A3AR 



NF-kB 



Actio 





for 5 3ft ,nH in "'^^'11!^=°'°" "^fcinoma cells were incubated 
whnl^. n ^' " Cwith lOnM CFIOI. (a) WB analysis of 

rbstriLS'"'"" '^^f*? ^^d^cted at I5mi„ of incubationTn the 
iMsTof Hr?^rf '523 (100 HM) and (i) 

tMSA of HCT-1 1 6 nuclear extracts at different time points 
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t«^tment oTh??- 'n "J'''^"'"" ''"'vity upon 

treatment of HCT-1 16 cells with CFIOI leads to decreieH /? 
catenm expression level. Cells were depleted from seru^ f^ i/h" 
and treated with vehicle (control) or wi?h CFIO? OOnM orTol) 
nd catedT^T^"' ' "'^ ^"^ corTcenttltiC 

w tixrcFTor(rHCT r "^r ^oZa^^c 

OOnM) for if.^l'in "V^-j'^ treated with CFlOl 

chloride xi^ and 30 mm in the presence and absence of lithium 
cnioride. The latter counteracted the decrease in fl-catenh, 

with Cno! ^l^lV",'5'r='^^^ treated 
with CFIOI, as detailed above, for 30 and 60 rain 
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expression was noted, demonstrating that A3AR was 

re^LnSr • ■ r''' fluctuations may be attributed to 
w^rh . 'nternalization. degradation and re-synthesis, 
which occurs subsequent to receptor activaUon. These 
sunnor? '° A3AR expression in v/vo and 

support the notion that colon carcinoma cells do not 
develop resistance- or 'tolerance' to chronic treatment 
with a synthetic A3AR agonist. Supporting the above is 

Son oTbi^SS'^'^"" demonstrating that.\pon acUva- 
uon ot bl6-FI0 melanoma cells with IB-MECA A,AR 
was internalized and sorted to the lysosome for 
degradation. Later on. the receptor was resynthesized 
and recycled to the cell surface (Madi et al 2003) 

in the present study, receptor functionality was 
demonstrated by the modulation in the expression leve 
tr^Z 8'-°^th-regulatory proteins down- 

stream to receptor activation. This included down- 

^G^^T^lI^'-^r^l^'^"'^' upregulatSi of 
Scatenfn ^ FP J''^ P™'^'" expression levels of 

P catenin. LEF-1 and the two oncogenes cyclin Dl and 
c-Myc were found to be decreased 
^.^^^^ results are in accordance with our previous 
„ studies, which showed decreased PKAc and PKB/Akt 

B MErA"/p"t""""' ^-^^^^^^^ cells with 

IB-MECA (Fishman et al., 2002b; Madi et al., 2003) 

2tt.H I ^^'^'^'"^ °f PKA. known to be 

H^n A A o '° ^AMP level. Activa- 

tion of A3AR IS known to decrease adenyly] cvclase 

leve? PK^^z/kt"]:^"""' ^"."'^'"^ ^ ^^^^ 
r>h^ V, , . recently been shown to be 

phosphorylated and thereby activated by PKAc rPane 
et al. 2000). The PI 3 K arm was reported tT bf 
uprcgulated upon A3AR activation via the /?y-su&Sv 

the phosphorylated form of PKB/Akt. Here;twe'sho\iv 
A w\'"i, carcinoma cells, downregulation ififrPKB/ 
Ak takes place upon receptor activaUon? suggesting 
that in tumor cells modulation of the^^KA amfis hf 
Ik? P^^l^^^^^'o^xf^?^ '° downremilation of PKB/ 
tnd u^^"^ ^^/^'^^ utilizeJgSK-^ras a substrati 
ked X '^^^o^..GSmfii^\ty is inhib- 
i^ri^Jt -^T ^ Implicated in cell 

^eosusis^ by Us ability,; t6%,hosphorylate a broad 

nent of the Wnt pathway (Eerkey and Kimelman. 2000). 
In normal cells tGSKs3^ phosphorylates )5-cktenh^ 

t Jrn/„t'"''"''°^ ''''^ degradation by 

the pioteosome system (Morin, 1999) However in 

"P^-^^P f^"^ phosphorylateTSt enin 
eading, toi,.its-.accumulation in the cytoplasn^. It then 
translocatps-to the nucleus, where it acts in concert S 
LEF-1 to induce the transcription of the cell cycle 
« XloOl).^'""' '^^ ^"'^ '^-'^y'^ (Kolligs 

induc^H^?"' ''""^f '• '''^^^^ ^^""^ A3AR activation 
induced downregulation of cyclin Dl and c-Mvc in 
melanoma and prostate carcinoma cells, via deregull 

2002b lOOrJ^H-' ^'^"""S (Fishman :f 

2002b, 2003; Madi et al., 2003). We thus assume that the 



decreased expression level of ^-catenin is responsible for 
the diminished level of cyclin Dl and c-Myc 
„ «^"'^y' examined the effect of CFlOl 

on HCr-116 colon carcinoma cells, known to be 
Zo^^'^,r"l P'^^^^^^r, gene (CTNNBl) (Lovig et al., 
2002). Mutations of CTNNBl were found at thlcSK- 
3/? consensus phosphorylation site of ^-catenin. that is. a 
deletion of senne 45 that occurs at a putative 
phosphorylation target of GSK-3^ (Ilyas et al 1997) 
Surprismgly, we found that downregulation of fl-catenin 
expression, which occurred upon CFlOl treatment, was 
subsequent to an increase in the level of GSK-3fl 
notwithstanding the previously described, aforemen- 
tioned mutation. Moreover, treatment of the cells with 
lithium, which directly inhibits the activity of GSK-3fl 
reversed the /?-catenin level to that of the control. It thus 
seems that CFlOl circumvents the inability of GSK-3i3 
to phosphorylate /?-catenin, leading to its susceptibility 
to degradation. Support for the involvement of /- 
catenin in the downregulation of cyclin Dl and c-Mvc 
may be found in the data showing that nuclear level of 
LEF-1 was downregulated upon CFlOl treatment 
Furthermore the, GSK-3;S inhibitor SB216763 counter- 
acted the ability pf,GF101 to downregulate c-Myc, thus 
confirming that; the;eyents downstream to ;3-c^ten in ar» 
also mediated via GSK-3;S. 

An additional mechanism which may account for the 
downregulation of c-Myc and cyclin Dl is the direct 
phosphorylation of the two oncogenes by GSK-3/? It 
^^^^f^ shown that GSK-3/S phosphorylates c-Myc 
it^^^ cychn Dl at Thr-286. thereby triggering 
- ^;|heir degradation (Alt et al., 2000; Sears et al., 2000) 

ex^fn. ^r^'''* PKB/Akt prompted us to 

examine the involvement of an additional important 
signaling protein, NF-«B, known to be phosphorylated 
and activated by PKB/Akt and additional downstream 
kinases. Since NF-«B is also involved in the transcrijl 
tion of cyclin Dl and c-Myc (Karin et al., 2002), its 
decreased level may also attribute to the diminished 
expression of the two cell cycle genes. 

The Wnt and the NF-kB signaling pathways are 
interconnected at the level of cyclin Dl and c-Myc Both 
^"k ^^'"^ transcription of these 

Taken trlfh^ ^''^'"^ ^ ^ ^"^"-^ "gn^ls. 

laken together, we propose here a model in which 

^^H^o^S ^'^^ modulation of PKAc 

ana I'KB, which on one hand upregulates GSK-35 
Jeading to phosphorylation and ubiquitinaUon of fl- 
ea enm. On the other hand, remarkably, the similarity 
between the in vitro and in vivo data supports the notion 
that signaling proteins involved with the Wnt and NF- 
kB pathways are responsible for the observed modula- 
tion ot cell growth-regulatory proteins. 

The finding that cyclin Dl and c-Myc were down- 
regulated upon A3AR acUvation both in vitro and in vivo 
is highly important in light of the bulk literature 
Showing that most human cancers are characterized bv 

Tr^nM Toorr.'''" "Jj^ oncogenes (Hosokawa and 
Arnold, 1998; Parrclla et al., 2001; Masuda et al 2002) 
in some malignancies, overexpression of these proteins 
may serve as a marker of poor prognosis (Ghana et al 
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2002; Nguyen el al., 2003). The importance of these two 
oncogenes in modulating the tumorigenic response was 
evidenced by the introduction of an antisense cyclin Dl 
or c-Myc sequence to mahgnant cells. This led to the 
mhibition of growth, the induction of apoptosis and the 
^.n"w'"^!J' °J sensitivity to chemotherapeutic agents 
" '^^7)- Additionally, Jain el al 
(2002) showed that brief MYC inactivation induced 
sustamed loss of neoplastic phenotype. 

Taken together, the molecular model that transpires 
upon activation of A3 A R with CFlOl includes down- 
regulation of PKAc with a subsequent decrease in PKB/ 
Akt expression level. This may lead on one hand to 
upregulation of the unphosphorylated form of GSK-3fi 
and the phosphorylation and ubiquitination of B- 
catenm resulting in the inhibition of translation of 
cychn Dl and c-Myc. Additional events taking place 

?7nM?K '^ '^^^/^''* ^"^^"''^ decreased expression 
and DNA-bmdmg capability of NF-kB, leading also to 
downregulation of cyclin Dl expression level 

The capability of CFlOl, a small orally bioavailable 
molecule, to downregulate cyclin Dl and c-Myc levels 
both m vitro and in vivo suggest that the compound is an 
attractive candidate to be developed as an anticancer 
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Materials and methods 
Jieagents 

fSiw^ CMP grade of the A3AR agonist l-deoxy-l- 

aLpv M ^i' synthesized for Can-Fite BioPharma.by 

fs^r^ K m'^"'?' Albany, NY, VSA.md 

R rt/<: '"S'^^ ective AjAR antagonist, was purchaied'fromi 

solution of lOmM was prepared in DMSO ' aria further 

and H89 were purchased from Sigma Israel,'arid SB216763 was 
purchased from Biomol Research Labbratonerinc (P^v 

ToTJlh lu^- '"f "^^'"^ serum,(FBS) and intibiS cs 

foj^jell cultures were obtained frdnj^^^Beit Haemek, Haifa, 

Ai^lnd'^h^'T' ".urine and human 

Akf c Mvc r^i f;[°^^?-'«r'^'''^y P^°'""S PKAc, PKB/ 
AKC, C-Myc GSK-3^, phosphor-specific GSK-3/? (S9) «' 
catenin, cychn Dl ,an*,LEF.l and /J-actin were purchased 
from Santa Cruz Biqtcchriplogy Inc., CA, USA. ^ '""^^^'^ 

^l^^y" tl^ 'gromh ofHCT.116 colon carcinoma ir, 

"f'^^^R expression and cell gromh- 
regulatoryjjprotems tn tumor lesions 

" standardized pelleted diet and 
suppked with tap water. Experiments were performed in 
AnTmJ"ca^"' the guidelines established by the Institutional 
PetrlifvTlsrt.''" ""'""^'"'^ ^^"-^-'^ mPh.rm., 
Nude male Balb/c mice, aged 2 months, weighing an average 

Israel^' ??f ^'""^ Laboratories' Jerusalem! 

Israel, hci-116 colon carcinoma cells fl 2 x 10'^ were 
subcutaneously injected into the flank of the mic^ When 
tumor reached 150mm' in size, CFIOI (10/.g/kg body weight^ 
was admmistered orally twice daily for 20 days. The So 



group was treated orally twice daily with the vehicle only 
Tumor size (width (fV) and length (L)) was measured twice 
weekly with a caliber, and calculated according to the 
loilowing formula: tumor size = (H^' x L/2. 

After 20 days of treaUnent and prior to terminating the 
study, the CFlOl-treated mice were divided into two groups 
(A) mice treated for 20 days with CFIOI and killed 16 h after 
last treatment; (B) mice treated for 20 days with CFIOI 
received additional treatment on day 21 and killed 2h later' 
J umor lesions from the two groups and the control were then 

ext^rrf;H ^^"^y'"'''! Kinematica) and protein was 

extracted. WB analysis was carried out to determine the A,AR 
expression level and additional cell growth-regulatory pro- 
teins. Each group contained 15 mice and the study was 
experimenf ""^ ''""es. The results depicted are a represenutive , 

IVB analysis 

WB analysis of the following samples was carried out- (A) 
tumor lesions derived from CFIOI and vehicle-treated nude 

aoove}. {B) HCT-1 16 human colon carcinoma cells were serum 
starved overnight and then incubated with CFIOI (10 nM or 

HSO nn"^^^/'''!'"* ^'"^"^ of MRS 1523 (lOOnM), 
H89 (10//M). Worthmamn (lOOnM). and/or SB216763 (1 um) 
for ume periods, as specified below, at 37°C. Samples were 
k"^ 'ce-coid PBS and transferred to ice-cold ly^is buffer 

NP 4m r^iV^"^ """""^ = ' 5° '"'^ NaCl, 0.5»/o 
,t 7tnn' b ^^"^ removed by centrifugation for lOmin, 
at /300^^. Protein concentrations were determined using the 

sample . (50 /ig) were separated by SDS-PAGE, using 12% 
, .|oi™iamide gels. The resolved proteins were then electro- 
'^^^ ^» ATxi;'°'f 'ne-nbranes (Schleicher & Schuell, 
w !f • • u • ^ )■ "Membranes were blocked with 1% BSA 
? ifin'm r u "^'"l P""™^^ antibody (dilution 

ITP ^ " ^'"'^ *«shed and incubated 

with a secondary antibody for 1 h at room temperature. Bands 
were recorded using BCIP/NBT color development kit 
(Promega Madison, WI, USA). Data presented in the 
ditferent figures are representative of at least four different 
experiments. "i>icicm 

Preparation of nuclear extracts 

wrr t^^""";,^" Proteins from CFlOl-treated and control 
nl ;I • ^^'■^ prepared by incubaUng the cells for 15 min 

Tr-i n'? * ''"£!L,«>°'aining lOmM HEPES (pH 7.9). lOmM 
KCl, 0.1 mM EDTA. 1 mM DTT and O.SmM PMSF. Follow- 
Ztiv^H f ,"0 (10%) was added, cells were 

,n ? K. .T centrifuged. The pellet was resuspended 

NaCl ^ .^M PnTrr "^P^S (pH = 7.9), 400 mM 

NaCl, 1 mM EDTA, 1 mM DTT and 1 mM PMSF. rocked on a 
shaker for ISmin at 4°C and centrifuged. Protein was 
quantified utilizing Bio-Rad protein assay dye reagent. 

GSK-SP immunoprecipitation 

^"^^l" carcinoma cells were serum starved 

Tt ^i'r A^ • wth CFIOI (10|/M) for 30min 

rPmL H ^ 'solating protein. 300 from each sample was 
hv3nlr ' 'mmunoprecipitaUon. The samples were cleared 
sam^e ./'"r-^ for 2h with 1 /ig/sample of rabbit IgO and 10/.1/ 
NJ U%aI ^^'"^B'"^ Sepharose (Pharmacia, Piscataway 
^ie^fn i ft centnfugmg. the supematants were trans- 
ho^nH containing 3 /.g/sample of Ab against GSK-3/? 

bound to GammaBind Sepharose, and then routed at 4»C 
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^fhZh ^J^ K ^^'''^.'""''"'•"^"^'y ^^^hed three times 
x.^^i^" ^ Tris-HCi pH 7.4. 0.50 m NaCI and 

1% Non.det P-40) and three times with l^sis bufTer withom 

usedTn"". T'""'"" -^''' in^munoprecipitated comX« were 
used in a kinase activity assay. 

GSK-3P activity assay 

After immunoprecipitaling GSK-3^ from HCT-I16 cells the 
Km m"'^!"'"^,?^"'' ^'''^^ ^i'h kinase bifTer 
iSn^f \ "^''^S- 20 glycerophosphate 

aL 2 mM D^f tJ:1'''T''''"' 1°""" orthovan'Ldat^ 
buffer^nH^r^^' ^''^P«"« then suspended in 2Q^\ kinase 
< !S A^-^.""^ f°"o«"ng ingredients were added- 20 mm ATP 
and ^^"^v T^' '^"P°nt-NEN. Boston. MA ^sX) 

and 10 /ig myelin basic protein (MBP; Sigma). The total 
volume of sample plus additions at "this poinTwas 25 «1 The 
traSn o^?^"."/"" '■"I ^' 2^°^ then sfopped^; 

were bS?ed for . ''-^'^I^P'" ^ '^""P'* ^he Smples 

were boiled for 5min. then run on a 12% SDS-PAGE eel The 

^^rbeS^^BP.'^ autoradiography performed to v^suaSeTS: 
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